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GLYCOSIDE HYDROLASE CATALYTIC DOMAINS AND 
CARBOHYDRATE BINDING MODULES NOT 
REPRESENTED BY PFAMS. For several CAZy GH and 
CBM families, no Pfam HMM is available. In these cases, 
representative sequences were selected from the CAZy website, 
and the sequence region corresponding to the family of interest 
was determined. These sequence regions were then used in 
BLAST searches against the termite gut community 
metagenome to identify potential sequences belonging to these 
CAZy GH and CBM families. An e-value cutoff of 10
-6
 was 
used in these searches. The following are the partial sequences 
representing such GH and CBM families: 
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Table S1. Non-parametric diversity estimators. Diversity estimates were calculated using four 
different methods involving parametric (exponential and two parameter hyperbola) and non-
parametric estimators (bootstrap and jackknife). 16S sequences were assigned to clusters 
(Operational Taxonomical Units or OTUs) using four different thresholds to differentiate OTUs: 
3%, 2%, 1% and 0% difference in sequence. The highlighted 99% sequence identity threshold 














100% 463 739 +/- 48 63% 574 +/- 64 89% 
99% 216 303 +/- 6 71% 254 +/- 24 84% 
98% 122 165 +/- 1 74% 140 +/- 12 85% 











Table S2. Estimates of gross community structure based on sequence composition binning, 
and conserved single copy gene phylogenies (weighted for contig size). For the PhyloPythia 
binning only fragments classified at class or phylum level were considered. 
 
Method % Spirochaetes % Fibrobacteres % other 
Sequence composition-based classifier:    
PhyloPythia 59 6 35 
Single copy gene phylogenies:    
Ribosomal protein S3 (rpsC) 73 19 8 
Ribosome recycling factor 79 4 17 
Ribosome-binding factor A 59 0 41 
Translation initiation factor 2 (IF-2; GTPase) 100 0 0 
Polyribonucleotide nucleotidyl transferase  84 16 0 
Imidazoleglycerol-phosphate dehydratase 0 20 80 
Elongation factor EFG (fusA) 82 5 14 
Membrane GTPase (lepA) 67 33 0 
Ribosomal protein L2 (rplB) 63 26 11 
Elongation factor EF-Tu (tufA) 82 18 0 
Average +/- standard deviation 68 +/- 26 13 +/- 11 19 +/- 25 
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Table S3. Summary of glycoside hydrolases (GHs) and carbohydrate-binding modules 
(CBMs) discovered in the P3 luminal microbiota. 
CAZy 
Family
Pfam HMM Name Pfam 
Accession
Pfam Description Known Activities (CAZy)
metagenome ¶ fosmids ¶
JGI ID 2004080001 2004175000
Nucleotide sequence length 61533145 459633
Protein coding genes 82789 436
Glycoside hydrolase catalytic domains
GH1 Glyco_hydro_1 PF00232.8 Glycosyl hydrolase family 1 ?-glucosidase, ?-galactosidase, ?-mannosidase, 
others
22 (256 ppm) 0
GH2 Glyco_hydro_2_C PF02836.6 Glycosyl hydrolases family 2, TIM 
barrel domain
?-galactosidase, ?-mannosidase, others 23 (281 ppm) 2 (3818 ppm)
GH3 Glyco_hydro_3 PF00933.11 Glycosyl hydrolase family 3 N 
terminal domain
? -1,4-glucosidase, ?-1,4-xylosidase, ? -1,3-
glucosidase, ?-L-arabinofuranosidase, others
69 (670 ppm) 1 (1547 ppm)
GH4 Glyco_hydro_4 PF02056.5 Family 4 glycosyl hydrolase ?-glucosidase, ? -galactosidase, ?-
glucuronidase, others
14 (192 ppm) 0
GH5 Cellulase PF00150.7 Cellulase (glycosyl hydrolase 
family 5)
cellulase, ? -1,4-endoglucanase, ?-1,3-
glucosidase, ? -1,4-endoxylanase, ?-1,4-
endomannanase, others
56 (662 ppm) 1 (1971 ppm)
GH6 Glyco_hydro_6 PF01341.7 Glycosyl hydrolases family 6 endoglucanase, cellobiohydrolase 0 0
GH7 Glyco_hydro_7 PF00840.10 Glycosyl hydrolase family 7 endoglucanase, cellobiohydrolase (fungal only) 0 0
GH8 Glyco_hydro_8 PF01270.7 Glycosyl hydrolases family 8 cellulase, ? -1,3-glucosidase, ?-1,4-
endoxylanase, ? -1,4-endomannanase, others
5 (70 ppm) 0
GH9 Glyco_hydro_9 PF00759.8 Glycosyl hydrolase family 9 endoglucanase, cellobiohydrolase, ? -
glucosidase
9 (131 ppm) 1 (2428 ppm)
GH10 Glyco_hydro_10 PF00331.10 Glycosyl hydrolase family 10 xylanase, ? -1,3-endoxylanase 46 (572 ppm) 1 (2187 ppm)
GH11 Glyco_hydro_11 PF00457.7 Glycosyl hydrolases family 11 xylanase 14 (110 ppm) 0
GH12 Glyco_hydro_12 PF01670.6 Glycosyl hydrolase family 12 endoglucanase, ? -1,3-1,4-glucanase, xyloglucan 
hydrolase
0 0
GH13 Alpha-amylase PF00128.11 Alpha amylase, catalytic domain ? -amylase, catalytic domain, and related 
enzymes
48 (661 ppm) 0
GH14 Glyco_hydro_14 PF01373.7 Glycosyl hydrolase family 14 ? -amylase 0 0
GH15 Glyco_hydro_15 PF00723.10 Glycosyl hydrolases family 15 glucoamylase, glucodextranase 0 0
GH16 Glyco_hydro_16 PF00722.9 Glycosyl hydrolases family 16 ? -1,3(4)-endoglucanase, others 1 (8 ppm) 0
GH17 Glyco_hydro_17 PF00332.8 Glycosyl hydrolases family 17 glucan endo-1,3- ?-D-glucosidase glucan 1,3- ? -
glucosidase, others
0 0
GH18 Glyco_hydro_18 PF00704.16 Glycosyl hydrolases family 18 chitinase, endo- ?-N-acetylglucosaminidase, non-
catalytic proteins
17 (223 ppm) 0
GH19 Glyco_hydro_19 PF00182.8 Chitinase class I chitinase 0 0
GH20 Glyco_hydro_20 PF00728.11 Glycosyl hydrolase family 20, 
catalytic domain
?-hexosaminidase, lacto-N-biosidase 15 (152 ppm) 0
GH21 deleted family
GH22 Lys PF00062.10 C-type lysozyme/alpha-
lactalbumin family
C-type lysozyme, ?-lactalbumin (eukaryotic 
only)
0 0
GH23 SLT # PF01464.10 Transglycosylase SLT domain G-type lysozyme, peptidoglycan lytic 
transglycosylase
52 (294 ppm) 1 (751 ppm)
GH24 Phage_lysozyme $ PF00959.9 Phage lysozyme lysozyme 0 0
GH25 Glyco_hydro_25 PF01183.10 Glycosyl hydrolases family 25 lysozyme 1 (5 ppm) 0
GH26 Glyco_hydro_26 PF02156.5 Glycosyl hydrolase family 26 ?-1,3-xylanase, mannanase 15 (197 ppm) 0
GH27 Melibiase PF02065.8 Melibiase ? -galactosidase, ? -N-acetylgalactosaminidase, 
isomalto-dextranase
4 (51 ppm) 0
GH28 Glyco_hydro_28 PF00295.7 Glycosyl hydrolases family 28 polygalacturonase, rhamnogalacturonase, 
others
6 (92 ppm) 0
GH29 Alpha_L_fucos PF01120.7 Alpha-L-fucosidase ? -L-fucosidase 0 0
GH30 Glyco_hydro_30 PF02055.6 O-Glycosyl hydrolase family 30 ? -1,6-glucanase, ?-xylosidase 0 0
GH31 Glyco_hydro_31 PF01055.15 Glycosyl hydrolases family 31 ?-glucosidase, ? -xylosidase, others 26 (349 ppm) 1 (2807 ppm)
GH32 Glyco_hydro_32N PF00251.9 Glycosyl hydrolases family 32 N 
terminal
invertase, others 0 0
GH33 BNR PF02012.9 BNR/Asp-box repeat sialidase, neuraminidase 0 0
GH34 Neur PF00064.8 Neuraminidase sialidase, neuraminidase (viral only) 0 0
GH35 Glyco_hydro_35 PF01301.9 Glycosyl hydrolases family 35 ?-galactosidase 3 (38 ppm) 0
GH36 BLAST search § ?? galactosidase,  ??N-acetylgalactosaminidase 5 to 7 0
GH37 Trehalase PF01204.8 Trehalase trehalase 0 0
GH38 Glyco_hydro_38 PF01074.11 Glycosyl hydrolases family 38 N-
terminal domain
? -mannosidase 11 (106 ppm) 0
GH39 Glyco_hydro_39 PF01229.7 Glycosyl hydrolases family 39 ?-xylosidase, ? -L-iduronidase 3 (62 ppm) 0
GH40 deleted family
GH41 deleted family
GH42 Glyco_hydro_42 PF02449.5 Beta-galactosidase ?-galactosidase 24 (332 ppm) 1 (2754 ppm)
GH43 Glyco_hydro_43 # PF04616.4 Glycosyl hydrolases family 43 xylanase, ?-xylosidase, ? -L-
arabinofuranosidase, arabinanase, others
16 (226 ppm) 1 (1906 ppm)
GH44 BLAST search § endoglucanase, xyloglucanase 6 0
GH45 Glyco_hydro_45 PF02015.6 Glycosyl hydrolase family 45 endoglucanase (mainly eukaryotic, 2 bacterial) 4 (38 ppm) 1 (1939 ppm)
GH46 Glyco_hydro_46 PF01374.8 Glycosyl hydrolase family 46 chitosanase 0 0
GH47 Glyco_hydro_47 PF01532.10 Glycosyl hydrolase family 47 ? -mannosidase (mainly eukaryotic, 1 bacterial) 0 0
GH48 Glyco_hydro_48 PF02011.5 Glycosyl hydrolase family 48 endoglucanase, cellobiohydrolase 0 0
GH49 Glyco_hydro_49 PF03718.3 Glycosyl hydrolase family 49 dextranase, isopullulanase, others 0 0
GH50 BLAST search § ?-agarase 0 0
GH51 BLAST search § endoglucanase, ? -L-arabinofuranosidase 18 to 19 0
GH52 Glyco_hydro_52 PF03512.3 Glycosyl hydrolase family 52 ?-xylosidase 3 (47 ppm) 0
GH53 Glyco_hydro_53 # PF07745.2 Glycosyl hydrolase family 53 ? -1,4-endogalactanase 12 (154 ppm) 0
GH54 ArabFuran-catal # PF09206.1 Alpha-L-arabinofuranosidase B, 
catalytic
?-xylosidase, ? -L-arabinofuranosidase (mainly 
eukaryotic, 2 bacterial)
0 0
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Pfam HMM Name Pfam 
Accession
Pfam Description Known Activities (CAZy)
metagenome ¶ fosmids ¶
JGI ID 2004080001 2004175000
Nucleotide sequence length 61533145 459633
Protein coding genes 82789 436
Glycoside hydrolase catalytic domains
GH56 Glyco_hydro_56 PF01630.8 Hyaluronidase hyaluronidase (eukaryotic only) 0 0
GH57 Glyco_hydro_57 PF03065.4 Glycosyl hydrolase family 57 ? -amylase, 4- ? -glucanotransferase, ? -
galactosidase, others
17 (274 ppm) 0
GH58 BLAST search § endo-N-acetylneuraminidase or endo-sialidase 1 0




GH61 Glyco_hydro_61 PF03443.4 Glycosyl hydrolase family 61 endoglucanase (fungal only) 0 0
GH62 Glyco_hydro_62 PF03664.3 Glycosyl hydrolase family 62 ? -L-arabinofuranosidase 0 0
GH63 Glyco_hydro_63 PF03200.5 Mannosyl oligosaccharide 
glucosidase
processing ? -glucosidase 0 0
GH64 BLAST search § ?-1,3-glucanase 0 0
GH65 Glyco_hydro_65m PF03632.4 Glycosyl hydrolase family 65 
central catalytic domain
trehalase, maltose phosphorylase, trehalose 
phosphorylase
6 (77 ppm) 0
GH66 BLAST search § cycloisomaltooligosaccharide 
glucanotransferase, dextranase
0 0
GH67 Glyco_hydro_67M PF07488.1 Glycosyl hydrolase family 67 
middle domain
?-glucuronidase, others 10 (96 ppm) 0
GH68 Glyco_hydro_68 PF02435.6 Levansucrase/Invertase levansucrase, others 0 0
GH69 renamed PL16
GH70 Glyco_hydro_70 PF02324.6 Glycosyl hydrolase family 70 dextransucrase, others 0 0
GH71 Glyco_hydro_71 PF03659.4 Glycosyl hydrolase family 71 ?-1,3-glucanase (mainly fungal, 1 bacterial) 0 0
GH72 Glyco_hydro_72 PF03198.3 Glycolipid anchored surface 
protein (GAS1)
?-1,3-glucanosyltransglycosylase (fungal only) 0 0
GH73 Glucosaminidase PF01832.9 Mannosyl-glycoprotein endo-beta-
N-acetylglucosaminidase
endo- ? -N-acetylglucosaminidase, others 0 0
GH74 BLAST search § endoglucanase, cellobiohydrolase, 
xyloglucanase
7 0
GH75 Chitosanase PF07335.1 Fungal chitosanase chitosanase (mainly fungal) 0 0
GH76 Glyco_hydro_76 PF03663.4 Glycosyl hydrolase family 76 ? -1,6-mannanase 0 0
GH77 Glyco_hydro_77 PF02446.7 4-alpha-glucanotransferase 4-? -glucanotransferase, amylomaltase 14 (242 ppm) 0
GH78 Bac_rhamnosid PF05592.1 Bacterial alpha-L-rhamnosidase ? -L-rhamnosidase 0 0
GH79 Glyco_hydro_79n PF03662.3 Glycosyl hydrolase family 79, N-
terminal domain
endo- ? -glucuronidase 0 0
GH80 BLAST search § chitosanase 0 0
GH81 Glyco_hydro_81 PF03639.3 Glycosyl hydrolase family 81 ?-1,3-glucanase (mainly eukaryotic, 6 bacterial) 0 0
GH82 BLAST search § ?? carrageenase (2 bacterial) 0 0
GH83 HN PF00423.9 Hemagglutinin-neuraminidase hemaglutinin-neuraminidase (viral only) 0 0
GH84 Hyaluronidase_2 # PF07555.2 Hyaluronidase hyaluronidase, N-acetyl b-glucosaminidase 0 0
GH85 Glyco_hydro_85 PF03644.3 Glycosyl hydrolase family 85 endo- ?-N-acetylglucosaminidase 0 0
GH86 BLAST search § ?-agarase 0 0
GH87 BLAST search § ? -1,3-glucanase, mycodextranase 0 0
GH88 Glyco_hydro_88 PF07470.2 Glycosyl Hydrolase Family 88 d-4,5 unsaturated ?-glucuronyl hydrolase 9 (133 ppm) 0
GH89 NAGLU PF05089.2 Alpha-N-acetylglucosaminidase 
(NAGLU)
? -N-acetylglucosaminidase 0 0
GH90 BLAST search § endorhamnosidase (mainly viral, 3 bacterial) 0 0
GH91 BLAST search § inulin fructotransferase 1 0
GH92 Glyco_hydro_92 # PF07971.2 Glycosyl hydrolase family 92 ?-1,2-mannosidase 2 (29 ppm) 0
GH93 BLAST search § exo-arabinanase (mainly fungal, 4 bacterial) 0 0
GH94 BLAST search § cellobiose phosphorylase, chitobiose 
phosphorylase, cellodextrin phosphorylase
68 to 132 1 to 2
GH95 BLAST search § ? -L-fucosidase 12 to 31 0
GH96 BLAST search § ? -agarase (2 bacterial, 2 unclassified) 0 0
GH97 BLAST search § ?-glucosidase 0 0
GH98 Glyco_hydro_98M # PF08306.1 Glycosyl hydrolase family 98 endo- ? -galactosidase 1 (12 ppm) 0
GH99 BLAST search § endo-? -1,2-mannosidase (mainly eukaryotic, 2 
bacterial)
0 0
GH100 Invertase_neut PF04853.2 Plant neutral invertase alkaline and neutral invertase 0 0
GH101 BLAST search § endo- ?-N-acetylgalactosaminidase 0 0
GH102 MltA PF03562.4 MltA N-terminal domain peptidoglycan lytic transglycosylase 0 0
GH103 TIGR: MltB # TIGR02282 MltB: lytic murein 
transglycosylase B
peptidoglycan lytic transglycosylase 3 (31 ppm) 0
GH104 Phage_lysozyme $ PF00959 Phage lysozyme peptidoglycan lytic transglycosylase see GH24
GH105 Glyco_hydro_88 # PF07470.2 Glycosyl Hydrolase Family 88 unsaturated rhamnogalacturonyl hydrolase see GH88
GH106 BLAST search § ? -L-rhamnosidase 2 0
GH107 BLAST search § sulfated fucan endo-1,4-fucanase (3 bacterial) 0 0
GH108 DUF847 # PF05838.2 Predicted lysozyme (DUF847) N-acetylmuramidase 0 0
GH109 BLAST search § ? -N-acetylgalactosaminidase 3 to 5 0
GH110 BLAST search § ? -galactosidase 0 0
Termite Gut Community
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Pfam HMM Name Pfam 
Accession
Pfam Description Known Activities (CAZy)
metagenome ¶ fosmids ¶
JGI ID 2004080001 2004175000
Nucleotide sequence length 61533145 459633
Protein coding genes 82789 436
Carbohydrate-binding domains
CBM1 CBM_1 PF00734.8 Fungal cellulose binding domain cellulose-binding domain (mainly fungal, 1 viral) 0 0
CBM2 CBM_2 PF00553.9 Cellulose binding domain cellulose-binding domain 0 0
CBM3 CBM_3 PF00942.8 Cellulose binding domain cellulose-binding domain 0 0
CBM4 CBM_4_9 & PF02018.7 Carbohydrate binding domain amorphous cellulose-, xylan- and glucan-binding 
domain
5 (35 ppm) 0
CBM5 CBM_5_12 ¥ PF02839.4 Carbohydrate binding domain cellulose-binding domain 0 0
CBM6 CBM_6 PF03422.5 Carbohydrate binding module 
(family 6)
amorphous cellulose- and xylan-binding domain 13 (79 ppm) 1 (862 ppm)
CBM7 deleted entry
CBM8 BLAST search § cellulose-binding domain (2 bacterial, 2 
eukaryotic)
0 0
CBM9 CBM_4_9 & PF02018.7 Carbohydrate binding domain cellulose-binding domain see CBM4
CBM10 CBM_10 PF02013.6 Cellulose or protein binding 
domain
cellulose-binding domain (aerobic bacteria) and 
dockerin (anaerobic fungi)
0 0
CBM11 CBM_11 # PF03425.3 Carbohydrate binding domain 
(family 11)
glucan-binding domain 3 (26 ppm) 0
CBM12 CBM_5_12 ¥ PF02839.4 Carbohydrate binding domain chitin-binding domain see CBM5
CBM13 Ricin_B_lectin PF00652.11 Ricin-type beta-trefoil lectin 
domain
mannose- and xylan-binding domain 0 0
CBM14 CBM_14 PF01607.12 Chitin binding Peritrophin-A 
domain
chitin-binding domain 0 0
CBM15 CBM_15 PF03426.4 Carbohydrate binding domain 
(family 15)
xylan-binding domain (2 bacterial) 0 0
CBM16 CBM_4_9 & PF02018.7 Carbohydrate binding domain carbohydrate-binding module 16 see CBM4
CBM17 CBM_17_28 ? PF03424.3 Carbohydrate binding domain 
(family 17/28)
amorphous cellulose- and cellooligosaccharide-
binding domain
0 0
CBM18 Chitin_bind_1 PF00187.8 Chitin recognition protein chitin-binding domain (eukaryotic only) 0 0
CBM19 CBM_19 PF03427.3 Carbohydrate binding domain 
(family 19)
chitin-binding domain (eukaryotic only) 0 0
CBM20 CBM_20 PF00686.9 Starch binding domain starch-binding domain 0 0
CBM21 CBM_21 PF03370.3 Putative phosphatase regulatory 
subunit
starch-binding domain (mainly eukaryotic, 1 
bacterial)
0 0
CBM22 CBM_4_9 & PF02018.7 Carbohydrate binding domain xylan-binding domain see CBM4
CBM23 BLAST search § mannan-binding domain (3 bacterial) 0 0
CBM24 BLAST search § ? -1,3-glucan (mutan)-binding domain (fungal 
only)
0 0
CBM25 CBM_25 PF03423.3 Carbohydrate binding domain 
(family 25)
starch-binding domain 0 0
CBM26 BLAST search § starch-binding domain 0 0
CBM27 CBM27 # PF09212.1 Carbohydrate binding module 27 mannan-binding domain 0 0
CBM28 CBM_17_28 ? PF03424.3 Carbohydrate binding domain 
(family 17/28)
amorphous cellulose- and cellooligosaccharide-
binding domain
see CBM17
CBM29 BLAST search § mannan/glucomannan-binding domain (1 
eukaryotic)
0 0
CBM30 BLAST search § cellulose-binding domain 1 to 8 0
CBM31 BLAST search § ? -1,3-xylan binding domain (4 bacterial) 0 0
CBM32 F5_F8_type_C PF00754.14 F5/8 type C domain galactose- and lactose-binding domain 4 (22 ppm) 0
CBM33 Chitin_bind_3 PF03067.5 Chitin binding domain chitin-binding domain 0 0
CBM34 Alpha_amylase_N PF02903.4 Alpha amylase, N-terminal ig-like 
domain
starch-binding domain 0 0
CBM35 BLAST search § mannan- xylan- and ?-galactan-binding domain 0 to 1 0
CBM36 BLAST search § xylan-binding domain 2 to 13 0 to 1
CBM37 BLAST search § broad binding specificity 1 0
CBM38 BLAST search § inulin-binding domain 0 0
CBM39 BLAST search § ?-1,3-glucan binding domain (eukaryotic only) 0 0
CBM40 Sialidase PF02973.6 Sialidase, N-terminal domain sialic acid-binding domain 0 0
CBM41 PUD# PF03714.4 Bacterial pullanase-associated 
domain
? -glucan-, amylose-, amylopectin-, and pullulan-
binding domain
0 0
CBM42 AbfB# PF05270.3 Alpha-L-arabinofuranosidase B 
(ABFB)
arabinose-binding domain 0 0
CBM43 X8 # PF07983.2 X8 domain ?-1,3-glucan binding domain (eukaryotic only) 0 0
CBM44 BLAST search § cellulose- and xyloglucan-binding domain (2 
bacterial)
0 0
CBM45 BLAST search § starch-binding domain (eukaryotic only) 0 0
CBM46 BLAST search § cellulose-binding domain 0 0
CBM47 F5_F8_type_C # PF00754.14 F5/8 type C domain fucose-binding domain see CBM32
CBM48 BLAST search § glycogen-binding domain 0 to 1 0
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Pfam HMM Name Pfam 
Accession
Pfam Description Known Activities (CAZy)
metagenome ¶ fosmids ¶
JGI ID 2004080001 2004175000
Nucleotide sequence length 61533145 459633
Protein coding genes 82789 436
Other domains oftentimes associated with GH catalytic domains
Alpha-amylase_C PF02806.6 Alpha amylase, C-terminal all-beta 
domain
?-amylase, C-terminal all- ?  domain; associated 
with GH13
0 0
Alpha-L-AF_C PF06964.1 Alpha-L-arabinofuranosidase C-
terminus
?-L-arabinofuranosidase, C-terminal domain; 
associated with GH51
10 (67 ppm) 0
Alpha-mann_mid PF09261.1 Alpha mannosidase, middle 
domain
middle domain; associated with GH38 15 (56 ppm) 0
Big_1 PF02369.6 Bacterial Ig-like domain (group 1) Bacterial Ig-like domain (group 1) 0 0
Big_2 PF02368.7 Bacterial Ig-like domain (group 2) Bacterial Ig-like domain (group 2) 140 (540 ppm) 0
Big_3 PF07523.2 Bacterial Ig-like domain (group 3) Bacterial Ig-like domain (group 3) 22 (72 ppm) 0
Big_4 PF07532.1 Bacterial Ig-like domain (group 4) Bacterial Ig-like domain (group 4) 0 0
Bgal_small_N PF02929.6 Beta galactosidase small chain ? -galactosidase, small chain; associated with 
GH2
5 (53 ppm) 1 (1932 ppm)
CBM_X PF06204.1 Putative carbohydrate binding 
domain
associated with GH94 44 (136 ppm) 1 (418 ppm)
CelD_N PF02927.4 N-terminal ig-like domain of 
cellulase
N-terminal Ig-like domain of cellulase; 
associated with GH9
5 (22 ppm) 1 (607 ppm)
CHB_HEX PF03173.3 Putative carbohydrate binding 
domain
Putative carbohydrate binding domain; 
associated with GH20
0 0
CHB_HEX_C PF03174.3 Chitobiase/beta-hexosaminidase 
C-terminal domain
Chitobiase/beta-hexosaminidase C-terminal 
domain; associated with GH20
0 0
ChiC PF06483.2 Chitinase C Chitinase C; associated with GH18 0 0
ChitinaseA_N PF08329.1 Chitinase A, N-terminal domain Chitinase A, N-terminal domain; associated with 
GH18
0 0
Cohesin PF00963.8 Cohesin domain Cohesin domain 0 0
Dockerin_1 PF00404.8 Dockerin type I repeat Dockerin type I repeat 0 0
fn3 PF00041.10 Fibronectin type III domain Fibronectin type III domain 45 (181 ppm) 0
GDE_C PF06202.3 Amylo-alpha-1,6-glucosidase Amylo-alpha-1,6-glucosidase 1 (12 ppm) 0
Glucodextran_B PF09136.1 Glucodextranase, domain B Glucodextranase, domain B; associated with 
GH15
0 0
Glucodextran_N PF09137.1 Glucodextranase, domain N Glucodextranase, domain N; associated with 
GH15
0 0
Glyco_hydro_2_N PF02837.7 Glycosyl hydrolases family 2, 
sugar binding domain
sugar-binding domain 26 (178 ppm) 2 (2206 ppm)
Glyco_hydro_2 PF00703.10 Glycosyl hydrolases family 2, 
immunoglobulin-like beta-
sandwich domain
immunoglobulin-like ? -sandwich domain 4 (21 ppm) 0
Glyco_hydro_3_C PF01915.11 Glycosyl hydrolase family 3 C 
terminal domain
C-terminal domain (glycan-binding?) 42 (402 ppm) 1 (2317 ppm)
Glyco_hydro_20b PF02838.5 Glycosyl hydrolase family 20, 
domain 2
domain 2 0 0
Glyco_hydro_32C PF08244.1 Glycosyl hydrolases family 32 C 
terminal
C-terminal domain 0 0
Glyco_hydro_38C PF07748.2 Glycosyl hydrolases family 38 C-
terminal domain
C-terminal domain 12 (170 ppm) 0
Glyco_hydro_42M PF08532.1 Beta-galactosidase trimerisation 
domain
trimerisation domain 20 (163 ppm) 1 (1371 ppm)
Glyco_hydro_42C PF08533.1 Beta-galactosidase C-terminal 
domain
C-terminal domain 8 (23 ppm) 1 (392 ppm)
Glyco_hydro_65N PF03636.4 Glycosyl hydrolase family 65, N-
terminal domain
N-terminal domain 1 (10 ppm) 0
Glyco_hydro_65C PF03633.4 Glycosyl hydrolase family 65, C-
terminal domain
C-terminal domain 3 (8 ppm) 0
Glyco_hydro_67N PF03648.4 Glycosyl hydrolase family 67 N-
terminus
N-terminal domain 2 (11 ppm) 0
Glyco_hydro_67C PF07477.1 Glycosyl hydrolase family 67 C-
terminus
C-terminal domain 11 (112 ppm) 0
Glyco_hydro_98C PF08307.1 Glycosyl hydrolase family 98 C-
terminal domain
C-terminal domain 0 0
Glyco_transf_36 PF06165.1 Glycosyltransferase family 36 associated with GH94 47 (248 ppm) 1 (738 ppm)
GT36_AF PF06205.2 Glycosyltransferase 36 
associated family
associated with GH94 45 (189 ppm) 1 (568 ppm)
He_PIG PF05345.2 Putative Ig domain Putative Ig-like domain 11 (24 ppm) 2 (627 ppm)
Isoamylase_N PF02922.7 Isoamylase N-terminal domain Isoamylase N-terminal domain; associated with 
GH13
15 (67 ppm) 0









The CAZy website links to Pfam PF00959.9 (Phage_lysozyme) for both, GH24 and GH104.
The CAZy website links to Pfam PF02018.7 (CBM_4_9) for all, CBM4, CBM9, CBM16, and CBM22.
The CAZy website links to Pfam PF02839.4 (CBM_5_12) for both, CBM5 and CBM12.
The CAZy website links to Pfam PF03424.3 (CBM_17_28) for both, CBM17 and CBM28.
No Pfam HMM is available for this family. BLAST searches were conducted with segments of selected sequences listed 
at CAZy corresponding to this family.
Termite Gut Community
Pfam HMM hits are counted if their e-value is smaller than 1e-4. BLAST hits are counted if their e-value is smaller than 
1e-6. The value in parenthesis is the ratio between the total nucleotide length of the hits for this family and the total 
nucleotide l
CAZy does not provide weblinks to Pfam for this family, but this Pfam HMM recognizes the sequences of this family.
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Table S4. Summary of the P3 luminal microbiota GH and CBM domains, their 
PhyloPhytia binning information, proteomics, and activity results. 
CAZy 
Family
Pfam HMM Name Known Activities (CAZy) Proteomics Activity




Glycoside hydrolase catalytic domains
GH1 Glyco_hydro_1 ? -glucosidase, ?-galactosidase, ?-mannosidase, 
others
5 0 1
GH2 Glyco_hydro_2_C ? -galactosidase, ? -mannosidase, others 4 (2) 0
GH3 Glyco_hydro_3 ?-1,4-glucosidase, ?-1,4-xylosidase, ?-1,3-
glucosidase, ? -L-arabinofuranosidase, others
14 (1) 0 1
GH4 Glyco_hydro_4 ? -glucosidase, ? -galactosidase, ? -
glucuronidase, others
3 0 2
GH5 Cellulase cellulase, ?-1,4-endoglucanase, ?-1,3-
glucosidase, ?-1,4-endoxylanase, ? -1,4-
endomannanase, others
6 (1) 0 2 11 (0) 8 (2) 7 (2 partial)
GH6 Glyco_hydro_6 endoglucanase, cellobiohydrolase 0 0
GH7 Glyco_hydro_7 endoglucanase, cellobiohydrolase (fungal only) 0 0
GH8 Glyco_hydro_8 cellulase, ?-1,3-glucosidase, ?-1,4-
endoxylanase, ?-1,4-endomannanase, others
0 0
GH9 Glyco_hydro_9 endoglucanase, cellobiohydrolase, ?-
glucosidase
0 2 (1) 3 (4) 4 (1)
GH10 Glyco_hydro_10 xylanase, ?-1,3-endoxylanase 11 (1) 0 1
GH11 Glyco_hydro_11 xylanase 4 0
GH12 Glyco_hydro_12 endoglucanase, ?-1,3-1,4-glucanase, xyloglucan 
hydrolase
0 0
GH13 Alpha-amylase ?-amylase, catalytic domain, and related 
enzymes
6 0 2
GH14 Glyco_hydro_14 ?-amylase 0 0
GH15 Glyco_hydro_15 glucoamylase, glucodextranase 0 0
GH16 Glyco_hydro_16 ?-1,3(4)-endoglucanase, others 0 0
GH17 Glyco_hydro_17 glucan endo-1,3- ? -D-glucosidase glucan 1,3- ?-
glucosidase, others
0 0
GH18 Glyco_hydro_18 chitinase, endo- ? -N-acetylglucosaminidase, non-
catalytic proteins
4 0
GH19 Glyco_hydro_19 chitinase 0 0
GH20 Glyco_hydro_20 ? -hexosaminidase, lacto-N-biosidase 1 0
GH21 deleted family
GH22 Lys C-type lysozyme, ? -lactalbumin (eukaryotic 
only)
0 0
GH23 SLT # G-type lysozyme, peptidoglycan lytic 
transglycosylase
11 (1) 0
GH24 Phage_lysozyme $ lysozyme 0 0
GH25 Glyco_hydro_25 lysozyme 1 0
GH26 Glyco_hydro_26 ? -1,3-xylanase, mannanase 3 0
GH27 Melibiase ?-galactosidase, ? -N-acetylgalactosaminidase, 
isomalto-dextranase
0 0
GH28 Glyco_hydro_28 polygalacturonase, rhamnogalacturonase, 
others
1 0
GH29 Alpha_L_fucos ?-L-fucosidase 0 0
GH30 Glyco_hydro_30 ?-1,6-glucanase, ? -xylosidase 0 0
GH31 Glyco_hydro_31 ? -glucosidase, ? -xylosidase, others 7 (1) 0
GH32 Glyco_hydro_32N invertase, others 0 0
GH33 BNR sialidase, neuraminidase 0 0
GH34 Neur sialidase, neuraminidase (viral only) 0 0
GH35 Glyco_hydro_35 ?-galactosidase 1 0
GH36 BLAST search § ?? galactosidase,  ??N-acetylgalactosaminidase
GH37 Trehalase trehalase 0 0
GH38 Glyco_hydro_38 ? -mannosidase 3 0
GH39 Glyco_hydro_39 ?-xylosidase, ?-L-iduronidase 2 0
GH40 deleted family
GH41 deleted family
GH42 Glyco_hydro_42 ?-galactosidase 4 (1) 0 1
GH43 Glyco_hydro_43 # xylanase, ?-xylosidase, ?-L-
arabinofuranosidase, arabinanase, others
6 (1) 0
GH44 BLAST search § endoglucanase, xyloglucanase
GH45 Glyco_hydro_45 endoglucanase (mainly eukaryotic, 2 bacterial) 0 (1) 1 (0) 1 (0)
GH46 Glyco_hydro_46 chitosanase 0 0
GH47 Glyco_hydro_47 ?-mannosidase (mainly eukaryotic, 1 bacterial) 0 0
GH48 Glyco_hydro_48 endoglucanase, cellobiohydrolase 0 0
GH49 Glyco_hydro_49 dextranase, isopullulanase, others 0 0
GH50 BLAST search § ? -agarase
GH51 BLAST search § endoglucanase, ?-L-arabinofuranosidase
GH52 Glyco_hydro_52 ?-xylosidase 0 0
GH53 Glyco_hydro_53 # ?-1,4-endogalactanase 2 0
GH54 ArabFuran-catal # ?-xylosidase, ?-L-arabinofuranosidase (mainly 
eukaryotic, 2 bacterial)
0 0
GH55 BLAST search § endo-1,3-glucanase, exo-1,3-glucanase (mainly 
eukaryotic, 2 bacterial)
PhyloPhytia
metagenome (fosmids) active (inactive)
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Pfam HMM Name Known Activities (CAZy) Proteomics Activity




Glycoside hydrolase catalytic domains
GH56 Glyco_hydro_56 hyaluronidase (eukaryotic only) 0 0
GH57 Glyco_hydro_57 ?-amylase, 4- ?-glucanotransferase, ?-
galactosidase, others
6 0
GH58 BLAST search § endo-N-acetylneuraminidase or endo-sialidase




GH61 Glyco_hydro_61 endoglucanase (fungal only) 0 0
GH62 Glyco_hydro_62 ?-L-arabinofuranosidase 0 0
GH63 Glyco_hydro_63 processing ?-glucosidase 0 0
GH64 BLAST search § ? -1,3-glucanase
GH65 Glyco_hydro_65m trehalase, maltose phosphorylase, trehalose 
phosphorylase
0 0
GH66 BLAST search § cycloisomaltooligosaccharide 
glucanotransferase, dextranase
GH67 Glyco_hydro_67M ?-glucuronidase, others 4 0
GH68 Glyco_hydro_68 levansucrase, others 0 0
GH69 renamed PL16
GH70 Glyco_hydro_70 dextransucrase, others 0 0
GH71 Glyco_hydro_71 ?-1,3-glucanase (mainly fungal, 1 bacterial) 0 0
GH72 Glyco_hydro_72 ? -1,3-glucanosyltransglycosylase (fungal only) 0 0
GH73 Glucosaminidase endo- ? -N-acetylglucosaminidase, others 0 0
GH74 BLAST search § endoglucanase, cellobiohydrolase, 
xyloglucanase
GH75 Chitosanase chitosanase (mainly fungal) 0 0
GH76 Glyco_hydro_76 ?-1,6-mannanase 0 0
GH77 Glyco_hydro_77 4-?-glucanotransferase, amylomaltase 4 0
GH78 Bac_rhamnosid ?-L-rhamnosidase 0 0
GH79 Glyco_hydro_79n endo- ? -glucuronidase 0 0
GH80 BLAST search § chitosanase
GH81 Glyco_hydro_81 ?-1,3-glucanase (mainly eukaryotic, 6 bacterial) 0 0
GH82 BLAST search § ??carrageenase (2 bacterial)
GH83 HN hemaglutinin-neuraminidase (viral only) 0 0
GH84 Hyaluronidase_2 # hyaluronidase, N-acetyl b-glucosaminidase 0 0
GH85 Glyco_hydro_85 endo- ? -N-acetylglucosaminidase 0 0
GH86 BLAST search § ?-agarase
GH87 BLAST search § ?-1,3-glucanase, mycodextranase
GH88 Glyco_hydro_88 d-4,5 unsaturated ?-glucuronyl hydrolase 3 0 1
GH89 NAGLU ?-N-acetylglucosaminidase 0 0
GH90 BLAST search § endorhamnosidase (mainly viral, 3 bacterial)
GH91 BLAST search § inulin fructotransferase
GH92 Glyco_hydro_92 # ?-1,2-mannosidase 0 0
GH93 BLAST search § exo-arabinanase (mainly fungal, 4 bacterial)
GH94 BLAST search § cellobiose phosphorylase, chitobiose 
phosphorylase, cellodextrin phosphorylase
GH95 BLAST search § ?-L-fucosidase
GH96 BLAST search § ?-agarase (2 bacterial, 2 unclassified)
GH97 BLAST search § ?-glucosidase
GH98 Glyco_hydro_98M # endo- ? -galactosidase 0 0
GH99 BLAST search § endo- ?-1,2-mannosidase (mainly eukaryotic, 2 
bacterial)
GH100 Invertase_neut alkaline and neutral invertase 0 0
GH101 BLAST search § endo- ?-N-acetylgalactosaminidase
GH102 MltA peptidoglycan lytic transglycosylase 0 0
GH103 TIGR: MltB # peptidoglycan lytic transglycosylase 0 0
GH104 Phage_lysozyme $ peptidoglycan lytic transglycosylase
GH105 Glyco_hydro_88 # unsaturated rhamnogalacturonyl hydrolase
GH106 BLAST search § ?-L-rhamnosidase
GH107 BLAST search § sulfated fucan endo-1,4-fucanase (3 bacterial)
GH108 DUF847 # N-acetylmuramidase 0 0
GH109 BLAST search § ?-N-acetylgalactosaminidase
GH110 BLAST search § ?-galactosidase
PhyloPhytia
metagenome (fosmids) active (inactive)
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Pfam HMM Name Known Activities (CAZy) Proteomics Activity





CBM1 CBM_1 cellulose-binding domain (mainly fungal, 1 viral) 0 0
CBM2 CBM_2 cellulose-binding domain 0 0
CBM3 CBM_3 cellulose-binding domain 0 0
CBM4 CBM_4_9 & amorphous cellulose-, xylan- and glucan-binding 
domain
0 0 1
CBM5 CBM_5_12 ¥ cellulose-binding domain 0 0
CBM6 CBM_6 amorphous cellulose- and xylan-binding domain 2 (1) 0
CBM7 deleted entry
CBM8 BLAST search § cellulose-binding domain (2 bacterial, 2 
eukaryotic)
CBM9 CBM_4_9 & cellulose-binding domain
CBM10 CBM_10 cellulose-binding domain (aerobic bacteria) and 
dockerin (anaerobic fungi)
0 0
CBM11 CBM_11 # glucan-binding domain 0 0
CBM12 CBM_5_12 ¥ chitin-binding domain
CBM13 Ricin_B_lectin mannose- and xylan-binding domain 0 0
CBM14 CBM_14 chitin-binding domain 0 0
CBM15 CBM_15 xylan-binding domain (2 bacterial) 0 0
CBM16 CBM_4_9 & carbohydrate-binding module 16
CBM17 CBM_17_28 ? amorphous cellulose- and cellooligosaccharide-
binding domain
0 0
CBM18 Chitin_bind_1 chitin-binding domain (eukaryotic only) 0 0
CBM19 CBM_19 chitin-binding domain (eukaryotic only) 0 0
CBM20 CBM_20 starch-binding domain 0 0
CBM21 CBM_21 starch-binding domain (mainly eukaryotic, 1 
bacterial)
0 0
CBM22 CBM_4_9 & xylan-binding domain
CBM23 BLAST search § mannan-binding domain (3 bacterial)
CBM24 BLAST search § ?-1,3-glucan (mutan)-binding domain (fungal 
only)
CBM25 CBM_25 starch-binding domain 0 0
CBM26 BLAST search § starch-binding domain
CBM27 CBM27 # mannan-binding domain 0 0
CBM28 CBM_17_28 ? amorphous cellulose- and cellooligosaccharide-
binding domain
CBM29 BLAST search § mannan/glucomannan-binding domain (1 
eukaryotic)
CBM30 BLAST search § cellulose-binding domain
CBM31 BLAST search § ? -1,3-xylan binding domain (4 bacterial)
CBM32 F5_F8_type_C galactose- and lactose-binding domain 0 1
CBM33 Chitin_bind_3 chitin-binding domain 0 0
CBM34 Alpha_amylase_N starch-binding domain 0 0
CBM35 BLAST search § mannan- xylan- and ?-galactan-binding domain
CBM36 BLAST search § xylan-binding domain
CBM37 BLAST search § broad binding specificity
CBM38 BLAST search § inulin-binding domain
CBM39 BLAST search § ?-1,3-glucan binding domain (eukaryotic only)
CBM40 Sialidase sialic acid-binding domain 0 0
CBM41 PUD # ?-glucan-, amylose-, amylopectin-, and pullulan-
binding domain
0 0
CBM42 AbfB # arabinose-binding domain 0 0
CBM43 X8# ?-1,3-glucan binding domain (eukaryotic only) 0 0
CBM44 BLAST search § cellulose- and xyloglucan-binding domain (2 
bacterial)
CBM45 BLAST search § starch-binding domain (eukaryotic only)
CBM46 BLAST search § cellulose-binding domain
CBM47 F5_F8_type_C # fucose-binding domain
CBM48 BLAST search § glycogen-binding domain
CBM49 BLAST search § crystalline cellulose-binding domain (eukaryotic 
only)
PhyloPhytia
metagenome (fosmids) active (inactive)
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Pfam HMM Name Known Activities (CAZy) Proteomics Activity




Other domains oftentimes associated with GH catalytic domains
Alpha-amylase_C ?-amylase, C-terminal all- ?  domain; associated 
with GH13
0 0
Alpha-L-AF_C ?-L-arabinofuranosidase, C-terminal domain; 
associated with GH51
1 0
Alpha-mann_mid middle domain; associated with GH38 3 0
Big_1 Bacterial Ig-like domain (group 1) 0 0
Big_2 Bacterial Ig-like domain (group 2) 7 0
Big_3 Bacterial Ig-like domain (group 3) 0 0
Big_4 Bacterial Ig-like domain (group 4) 0 0
Bgal_small_N ? -galactosidase, small chain; associated with 
GH2
(1) 0
CBM_X associated with GH94 8 (1) 0 8
CelD_N N-terminal Ig-like domain of cellulase; 
associated with GH9
0 1 (1)
CHB_HEX Putative carbohydrate binding domain; 
associated with GH20
0 0
CHB_HEX_C Chitobiase/beta-hexosaminidase C-terminal 
domain; associated with GH20
0 0
ChiC Chitinase C; associated with GH18 0 0
ChitinaseA_N Chitinase A, N-terminal domain; associated with 
GH18
0 0
Cohesin Cohesin domain 0 0
Dockerin_1 Dockerin type I repeat 0 0
fn3 Fibronectin type III domain 4 0
GDE_C Amylo-alpha-1,6-glucosidase 0 0
Glucodextran_B Glucodextranase, domain B; associated with 
GH15
0 0
Glucodextran_N Glucodextranase, domain N; associated with 
GH15
0 0
Glyco_hydro_2_N sugar-binding domain 5 (2) 2
Glyco_hydro_2 immunoglobulin-like ?-sandwich domain 0 0
Glyco_hydro_3_C C-terminal domain (glycan-binding?) 8 (1) 1 3
Glyco_hydro_20b domain 2 0 0
Glyco_hydro_32C C-terminal domain 0 0
Glyco_hydro_38C C-terminal domain 2 0
Glyco_hydro_42M trimerisation domain 4 (1) 0
Glyco_hydro_42C C-terminal domain 1 (1) 0
Glyco_hydro_65N N-terminal domain 0 0
Glyco_hydro_65C C-terminal domain 0 0
Glyco_hydro_67N N-terminal domain 0 0
Glyco_hydro_67C C-terminal domain 2 0
Glyco_hydro_98C C-terminal domain 0 0
Glyco_transf_36 associated with GH94 12 (1) 0 8
GT36_AF associated with GH94 13 (1) 0 8
He_PIG Putative Ig-like domain 1 0 (1)
Isoamylase_N Isoamylase N-terminal domain; associated with 
GH13
2 0









The CAZy website links to Pfam PF02839.4 (CBM_5_12) for both, CBM5 and CBM12.
The CAZy website links to Pfam PF03424.3 (CBM_17_28) for both, CBM17 and CBM28.
The CAZy website links to Pfam PF02018.7 (CBM_4_9) for all, CBM4, CBM9, CBM16, and CBM22.
PhyloPhytia
metagenome (fosmids)
The CAZy website links to Pfam PF00959.9 (Phage_lysozyme) for both, GH24 and GH104.
active (inactive)
Pfam HMM hits are counted if their e-value is smaller than 1e-4. BLAST hits are counted if their e-value is 
smaller than 1e-6. The value in parenthesis is the ratio between the total nucleotide length of the hits for this 
family and the total nucleotide l
CAZy does not provide weblinks to Pfam for this family, but this Pfam HMM recognizes the sequences of this 
family.
No Pfam HMM is available for this family. BLAST searches were conducted with segments of selected 
sequences listed at CAZy corresponding to this family.
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Table S5. Comparison of abundance of selected GH and CBM domains in different single 
organism genomes and metagenome datasets. 
CAZy 
Family






subject 7¶ subject 8¶
JGI ID 2004002000 2004002001 2001200001 2001800000 635640000
Nucleotide sequence length 15817685 20486813 152406385 4024184 5057531
Protein coding genes 20523 25983 184374 3341 4017
Glycoside hydrolase catalytic domains
GH1 Glyco_hydro_1 ? -glucosidase, ? -galactosidase, ?-mannosidase, 
others
20 (1209 ppm) 23 (1158 ppm) 9 (46 ppm) 0 2 (536 ppm)
GH2 Glyco_hydro_2_C ? -galactosidase, ?-mannosidase, others 13 (616 ppm) 17 (668 ppm) 7 (34 ppm) 1 (207 ppm) 6 (1102 ppm)
GH3 Glyco_hydro_3 ?-1,4-glucosidase, ?-1,4-xylosidase, ? -1,3-
glucosidase, ?-L-arabinofuranosidase, others
20 (780 ppm) 23 (682 ppm) 44 (160 ppm) 2 (351 ppm) 6 (807 ppm)
GH4 Glyco_hydro_4 ?-glucosidase, ?-galactosidase, ?-
glucuronidase, others
4 (250 ppm) 5 (206 ppm) 7 (38 ppm) 0 0
GH5 Cellulase cellulase, ?-1,4-endoglucanase, ?-1,3-
glucosidase, ?-1,4-endoxylanase, ? -1,4-
endomannanase, others
1 (49 ppm) 1 (44 ppm) 2 (10 ppm) 11 (2483 ppm) 17 (2834 ppm)
GH6 Glyco_hydro_6 endoglucanase, cellobiohydrolase 0 0 3 (12 ppm) 0 1 (209 ppm)
GH7 Glyco_hydro_7 endoglucanase, cellobiohydrolase (fungal only) 0 0 0 0 0
GH8 Glyco_hydro_8 cellulase, ? -1,3-glucosidase, ? -1,4-
endoxylanase, ? -1,4-endomannanase, others
0 1 (55 ppm) 1 (6 ppm) 6 (1602 ppm) 0
GH9 Glyco_hydro_9 endoglucanase, cellobiohydrolase, ? -
glucosidase
0 0 2 (12 ppm) 8 (2901 ppm) 3 (823 ppm)
GH10 Glyco_hydro_10 xylanase, ?-1,3-endoxylanase 0 2 (97 ppm) 11 (47 ppm) 7 (1689 ppm) 5 (928 ppm)
GH11 Glyco_hydro_11 xylanase 0 0 0 4 (595 ppm) 2 (243 ppm)
GH12 Glyco_hydro_12 endoglucanase, ?-1,3-1,4-glucanase, xyloglucan 
hydrolase
0 0 1 (3 ppm) 0 0
GH13 Alpha-amylase ?-amylase, catalytic domain, and related 
enzymes
27 (1636 ppm) 45 (2213 ppm) 42 (228 ppm) 3 (768 ppm) 10 (2272 ppm)
GH14 Glyco_hydro_14 ? -amylase 0 0 0 0 0
GH15 Glyco_hydro_15 glucoamylase, glucodextranase 0 0 17 (90 ppm) 0 1 (267 ppm)
GH16 Glyco_hydro_16 ? -1,3(4)-endoglucanase, others 0 1 (33 ppm) 8 (29 ppm) 4 (620 ppm) 8 (1059 ppm)
GH17 Glyco_hydro_17 glucan endo-1,3- ? -D-glucosidase glucan 1,3- ?-
glucosidase, others
0 0 0 0 0
GH18 Glyco_hydro_18 chitinase, endo- ?-N-acetylglucosaminidase, non-
catalytic proteins
1 (58 ppm) 3 (156 ppm) 11 (49 ppm) 2 (458 ppm) 5 (1123 ppm)
GH19 Glyco_hydro_19 chitinase 0 0 0 0 0
GH20 Glyco_hydro_20 ?-hexosaminidase, lacto-N-biosidase 2 (100 ppm) 6 (259 ppm) 15 (69 ppm) 0 2 (447 ppm)
GH22 Lys C-type lysozyme, ?-lactalbumin (eukaryotic 
only)
0 0 0 0 0
GH23 SLT # G-type lysozyme, peptidoglycan lytic 
transglycosylase
4 (93 ppm) 1 (17 ppm) 37 (85 ppm) 2 (175 ppm) 4 (273 ppm)
GH24 Phage_lysozyme $ lysozyme 0 0 0 0 0
GH25 Glyco_hydro_25 lysozyme 8 (255 ppm) 4 (102 ppm) 6 (18 ppm) 0 0
GH26 Glyco_hydro_26 ? -1,3-xylanase, mannanase 0 1 (33 ppm) 0 4 (1011 ppm) 1 (191 ppm)
GH27 Melibiase ?-galactosidase, ?-N-acetylgalactosaminidase, 
isomalto-dextranase
3 (163 ppm) 8 (408 ppm) 1 (8 ppm) 1 (248 ppm) 1 (196 ppm)
GH28 Glyco_hydro_28 polygalacturonase, rhamnogalacturonase, 
others
0 1 (47 ppm) 1 (6 ppm) 0 1 (225 ppm)
GH29 Alpha_L_fucos ?-L-fucosidase 0 4 (230 ppm) 5 (25 ppm) 0 0
GH30 Glyco_hydro_30 ?-1,6-glucanase, ?-xylosidase 1 (67 ppm) 1 (65 ppm) 0 0 2 (578 ppm)
GH31 Glyco_hydro_31 ?-glucosidase, ?-xylosidase, others 9 (623 ppm) 14 (688 ppm) 11 (54 ppm) 0 1 (278 ppm)
GH32 Glyco_hydro_32N invertase, others 11 (536 ppm) 17 (635 ppm) 1 (4 ppm) 0 0
GH33 BNR sialidase, neuraminidase 0 0 0 0 0
GH34 Neur sialidase, neuraminidase (viral only) 0 0 0 0 0
GH35 Glyco_hydro_35 ? -galactosidase 2 (118 ppm) 1 (49 ppm) 3 (13 ppm) 0 0
GH37 Trehalase trehalase 0 0 2 (9 ppm) 0 0
GH38 Glyco_hydro_38 ?-mannosidase 2 (77 ppm) 2 (60 ppm) 6 (26 ppm) 0 0
GH39 Glyco_hydro_39 ?-xylosidase, ?-L-iduronidase 0 0 1 (7 ppm) 0 0
GH42 Glyco_hydro_42 ? -galactosidase 6 (421 ppm) 6 (282 ppm) 3 (16 ppm) 0 0
GH43 Glyco_hydro_43 # xylanase, ? -xylosidase, ?-L-
arabinofuranosidase, arabinanase, others
4 (229 ppm) 4 (165 ppm) 5 (27 ppm) 13 (2795 ppm) 13 (2340 ppm)
GH45 Glyco_hydro_45 endoglucanase (mainly eukaryotic, 2 bacterial) 0 0 0 4 (741 ppm) 0
GH46 Glyco_hydro_46 chitosanase 0 0 0 0 0
GH47 Glyco_hydro_47 ?-mannosidase (mainly eukaryotic, 1 bacterial) 0 0 1 (5 ppm) 0 0
GH48 Glyco_hydro_48 endoglucanase, cellobiohydrolase 0 0 0 0 0
GH49 Glyco_hydro_49 dextranase, isopullulanase, others 0 0 0 0 0
GH52 Glyco_hydro_52 ?-xylosidase 0 0 0 0 0
GH53 Glyco_hydro_53 # ? -1,4-endogalactanase 1 (43 ppm) 7 (247 ppm) 4 (16 ppm) 2 (470 ppm) 3 (596 ppm)
GH54 ArabFuran-catal # ?-xylosidase, ?-L-arabinofuranosidase (mainly 
eukaryotic, 2 bacterial)
0 0 2 (6 ppm) 1 (242 ppm) 0
Human Gut Community
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subject 7 ¶ subject 8 ¶
JGI ID 2004002000 2004002001 2001200001 2001800000 635640000
Nucleotide sequence length 15817685 20486813 152406385 4024184 5057531
Protein coding genes 20523 25983 184374 3341 4017
Glycoside hydrolase catalytic domains
GH56 Glyco_hydro_56 hyaluronidase (eukaryotic only) 0 0 0 0 0
GH57 Glyco_hydro_57 ? -amylase, 4- ?-glucanotransferase, ?-
galactosidase, others
0 0 3 (18 ppm) 3 (753 ppm) 0
GH59 Glyco_hydro_59 galactocerebrosidase (mainly eukaryotic, 2 
bacterial)
0 0 0 0 0
GH61 Glyco_hydro_61 endoglucanase (fungal only) 0 0 0 0 0
GH62 Glyco_hydro_62 ? -L-arabinofuranosidase 0 0 1 (5 ppm) 0 0
GH63 Glyco_hydro_63 processing ?-glucosidase 0 0 0 0 0
GH65 Glyco_hydro_65m trehalase, maltose phosphorylase, trehalose 
phosphorylase
0 1 (32 ppm) 5 (24 ppm) 0 0
GH67 Glyco_hydro_67M ? -glucuronidase, others 0 1 (34 ppm) 2 (10 ppm) 0 1 (192 ppm)
GH68 Glyco_hydro_68 levansucrase, others 0 0 0 1 (324 ppm) 0
GH70 Glyco_hydro_70 dextransucrase, others 0 0 0 0 0
GH71 Glyco_hydro_71 ? -1,3-glucanase (mainly fungal, 1 bacterial) 0 0 0 0 0
GH72 Glyco_hydro_72 ? -1,3-glucanosyltransglycosylase (fungal only) 0 0 0 0 0
GH73 Glucosaminidase endo- ?-N-acetylglucosaminidase, others 0 2 (41 ppm) 3 (8 ppm) 0 2 (166 ppm)
GH75 Chitosanase chitosanase (mainly fungal) 0 0 0 0 0
GH76 Glyco_hydro_76 ? -1,6-mannanase 0 0 0 0 0
GH77 Glyco_hydro_77 4-?-glucanotransferase, amylomaltase 10 (664 ppm) 11 (608 ppm) 11 (68 ppm) 1 (471 ppm) 1 (317 ppm)
GH78 Bac_rhamnosid ?-L-rhamnosidase 0 4 (276 ppm) 0 0 0
GH79 Glyco_hydro_79n endo- ?-glucuronidase 0 0 0 0 1 (190 ppm)
GH81 Glyco_hydro_81 ? -1,3-glucanase (mainly eukaryotic, 6 bacterial) 0 0 0 0 1 (406 ppm)
GH83 HN hemaglutinin-neuraminidase (viral only) 0 0 0 0 0
GH84 Hyaluronidase_2 # hyaluronidase, N-acetyl b-glucosaminidase 0 3 (107 ppm) 1 (4 ppm) 0 0
GH85 Glyco_hydro_85 endo- ? -N-acetylglucosaminidase 1 (56 ppm) 0 0 0 0
GH88 Glyco_hydro_88 d-4,5 unsaturated ?-glucuronyl hydrolase 4 (234 ppm) 0 5 (25 ppm) 0 4 (836 ppm)
GH89 NAGLU ?-N-acetylglucosaminidase 0 1 (65 ppm) 0 0 0
GH92 Glyco_hydro_92 # ? -1,2-mannosidase 0 0 9 (41 ppm) 0 0
GH98 Glyco_hydro_98M # endo- ?-galactosidase 0 0 0 0 0
GH100 Invertase_neut alkaline and neutral invertase 0 0 0 0 0
GH102 MltA peptidoglycan lytic transglycosylase 0 0 3 (9 ppm) 0 0
GH103 TIGR: MltB # peptidoglycan lytic transglycosylase 0 0 19 (80 ppm) 0 1 (173 ppm)
GH108 DUF847 # N-acetylmuramidase 0 0 2 (6 ppm) 0 1 (98 ppm)
Carbohydrate-binding domains
CBM1 CBM_1 cellulose-binding domain (mainly fungal, 1 viral) 0 0 0 0 0
CBM2 CBM_2 cellulose-binding domain 0 2 (25 ppm) 3 (6 ppm) 0 19 (1070 ppm)
CBM3 CBM_3 cellulose-binding domain 0 0 1 (2 ppm) 0 0
CBM4 CBM_4_9 & amorphous cellulose-, xylan- and glucan-binding 
domain
0 4 (86 ppm) 0 4 (434 ppm) 5 (412 ppm)
CBM5 CBM_5_12 ¥ cellulose-binding domain 0 0 0 0 2 (52 ppm)
CBM6 CBM_6 amorphous cellulose- and xylan-binding domain 0 1 (16 ppm) 2 (5 ppm) 32 (2895 ppm) 45 (3238 ppm)
CBM10 CBM_10 cellulose-binding domain (aerobic bacteria) and 
dockerin (anaerobic fungi)
0 0 0 0 4 (72 ppm)
CBM11 CBM_11 # glucan-binding domain 0 0 0 2 (277 ppm) 0
CBM13 Ricin_B_lectin mannose- and xylan-binding domain 1 (26 ppm) 5 (98 ppm) 4 (10 ppm) 0 9 (720 ppm)
CBM14 CBM_14 chitin-binding domain 0 0 0 0 0
CBM15 CBM_15 xylan-binding domain (2 bacterial) 0 0 0 0 0
CBM16 CBM_4_9 & carbohydrate-binding module 16
CBM17 CBM_17_28 ? amorphous cellulose- and cellooligosaccharide-
binding domain
0 0 0 0 0
CBM18 Chitin_bind_1 chitin-binding domain (eukaryotic only) 0 0 0 0 0
CBM19 CBM_19 chitin-binding domain (eukaryotic only) 0 0 0 0 0
CBM20 CBM_20 starch-binding domain 0 0 1 (2 ppm) 0 2 (113 ppm)
CBM21 CBM_21 starch-binding domain (mainly eukaryotic, 1 
bacterial)
0 0 0 0 0
CBM25 CBM_25 starch-binding domain 0 0 0 0 0
CBM27 CBM27 # mannan-binding domain 0 0 0 0 0
CBM32 F5_F8_type_C galactose- and lactose-binding domain 10 (243 ppm) 23 (447 ppm) 12 (30 ppm) 1 (99 ppm) 26 (1835 ppm)
CBM33 Chitin_bind_3 chitin-binding domain 0 0 0 0 1 (126 ppm)
CBM34 Alpha_amylase_N starch-binding domain 3 (61 ppm) 4 (67 ppm) 0 0 0
CBM35 BLAST search § mannan- xylan- and ? -galactan-binding domain
CBM40 Sialidase sialic acid-binding domain 0 1 (27 ppm) 0 0 0
CBM41 PUD# ?-glucan-, amylose-, amylopectin-, and pullulan-
binding domain
0 0 1 (2 ppm) 0 1 (63 ppm)
CBM42 AbfB# arabinose-binding domain 0 0 1 (3 ppm) 0 0
CBM43 X8 # ? -1,3-glucan binding domain (eukaryotic only) 0 0 0 0 0
Human Gut Community
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subject 7¶ subject 8¶
JGI ID 2004002000 2004002001 2001200001 2001800000 635640000
Nucleotide sequence length 15817685 20486813 152406385 4024184 5057531
Protein coding genes 20523 25983 184374 3341 4017
Other domains oftentimes associated with GH catalytic domains
Alpha-amylase_C ?-amylase, C-terminal all- ?  domain; associated 
with GH13
1 (15 ppm) 1 (10 ppm) 0 0 1 (52 ppm)
Alpha-L-AF_C ?-L-arabinofuranosidase, C-terminal domain; 
associated with GH51
5 (162 ppm) 7 (207 ppm) 7 (22 ppm) 0 1 (116 ppm)
Alpha-mann_mid middle domain; associated with GH38 2 (29 ppm) 2 (18 ppm) 5 (8 ppm) 0 0
Big_1 Bacterial Ig-like domain (group 1) 0 0 1 (2 ppm) 0 0
Big_2 Bacterial Ig-like domain (group 2) 22 (330 ppm) 41 (472 ppm) 29 (47 ppm) 0 1 (49 ppm)
Big_3 Bacterial Ig-like domain (group 3) 4 (54 ppm) 6 (65 ppm) 0 0 0
Big_4 Bacterial Ig-like domain (group 4) 2 (24 ppm) 3 (27 ppm) 0 0 0
Bgal_small_N ? -galactosidase, small chain; associated with 
GH2
9 (374 ppm) 7 (270 ppm) 0 1 (203 ppm) 0
CBM_X associated with GH94 3 (35 ppm) 5 (46 ppm) 18 (23 ppm) 1 (47 ppm) 1 (38 ppm)
CelD_N N-terminal Ig-like domain of cellulase; 
associated with GH9
0 0 2 (4 ppm) 4 (264 ppm) 3 (160 ppm)
CHB_HEX Putative carbohydrate binding domain; 
associated with GH20
0 0 1 (3 ppm) 0 1 (107 ppm)
CHB_HEX_C Chitobiase/beta-hexosaminidase C-terminal 
domain; associated with GH20
0 0 0 0 1 (38 ppm)
ChiC Chitinase C; associated with GH18 0 0 0 0 1 (107 ppm)
ChitinaseA_N Chitinase A, N-terminal domain; associated with 
GH18
0 0 0 0 2 (129 ppm)
Cohesin Cohesin domain 0 0 2 (5 ppm) 0 0
Dockerin_1 Dockerin type I repeat 2 (8 ppm) 5 (15 ppm) 0 0 0
fn3 Fibronectin type III domain 9 (136 ppm) 13 (153 ppm) 27 (44 ppm) 0 5 (235 ppm)
GDE_C Amylo-alpha-1,6-glucosidase 0 0 8 (44 ppm) 0 0
Glucodextran_B Glucodextranase, domain B; associated with 
GH15
0 0 0 0 0
Glucodextran_N Glucodextranase, domain N; associated with 
GH15
0 0 2 (9 ppm) 0 1 (170 ppm)
Glyco_hydro_2_N sugar-binding domain 12 (338 ppm) 16 (320 ppm) 18 (53 ppm) 2 (239 ppm) 8 (784 ppm)
Glyco_hydro_2 immunoglobulin-like ?-sandwich domain 8 (154 ppm) 8 (120 ppm) 5 (10 ppm) 1 (86 ppm) 5 (303 ppm)
Glyco_hydro_3_C C-terminal domain (glycan-binding?) 14 (671 ppm) 20 (655 ppm) 28 (104 ppm) 1 (157 ppm) 5 (817 ppm)
Glyco_hydro_20b domain 2 0 0 0 0 1 (79 ppm)
Glyco_hydro_32C C-terminal domain 2 (33 ppm) 1 (12 ppm) 1 (2 ppm) 0 0
Glyco_hydro_38C C-terminal domain 1 (46 ppm) 0 3 (21 ppm) 0 0
Glyco_hydro_42M trimerisation domain 5 (198 ppm) 5 (134 ppm) 3 (12 ppm) 0 0
Glyco_hydro_42C C-terminal domain 2 (22 ppm) 0 3 (3 ppm) 0 0
Glyco_hydro_65N N-terminal domain 0 0 2 (9 ppm) 0 0
Glyco_hydro_65C C-terminal domain 0 1 (8 ppm) 2 (2 ppm) 0 0
Glyco_hydro_67N N-terminal domain 0 1 (14 ppm) 0 0 1 (76 ppm)
Glyco_hydro_67C C-terminal domain 0 1 (19 ppm) 7 (22 ppm) 0 1 (139 ppm)
Glyco_hydro_98C C-terminal domain 0 0 0 0 0
Glyco_transf_36 associated with GH94 3 (61 ppm) 5 (80 ppm) 21 (44 ppm) 0 2 (129 ppm)
GT36_AF associated with GH94 2 (34 ppm) 5 (66 ppm) 18 (30 ppm) 0 1 (53 ppm)
He_PIG Putative Ig-like domain 1 (8 ppm) 0 16 (14 ppm) 0 31 (874 ppm)
Isoamylase_N Isoamylase N-terminal domain; associated with 
GH13
6 (97 ppm) 10 (119 ppm) 25 (41 ppm) 1 (63 ppm) 3 (154 ppm)









The CAZy website links to Pfam PF00959.9 (Phage_lysozyme) for both, GH24 and GH104.
The CAZy website links to Pfam PF02018.7 (CBM_4_9) for all, CBM4, CBM9, CBM16, and CBM22.
The CAZy website links to Pfam PF02839.4 (CBM_5_12) for both, CBM5 and CBM12.
The CAZy website links to Pfam PF03424.3 (CBM_17_28) for both, CBM17 and CBM28.
Human Gut Community
Pfam HMM hits are counted if their e-value is smaller than 1e-4. BLAST hits are counted if their e-value is smaller than 1e-6. The value in parenthesis is 
the ratio between the total nucleotide length of the hits for this family and the total nucleotide l
CAZy does not provide weblinks to Pfam for this family, but this Pfam HMM recognizes the sequences of this family.
No Pfam HMM is available for this family. BLAST searches were conducted with segments of selected sequences listed at CAZy corresponding to this 
family.
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Table S6. Comparison of abundance of selected GH and CBM domains in different single 
organism genomes (continued). 
CAZy 
Family








JGI ID 400030000 620040000 625650000 400320000
Nucleotide sequence length 4433218 3642249 2788317 3783150
Protein coding genes 3592 3117 2602 3163
Glycoside hydrolase catalytic domains
GH1 Glyco_hydro_1 ? -glucosidase, ? -galactosidase, ?-mannosidase, 
others
1 (300 ppm) 2 (756 ppm) 1 (486 ppm) 2 (688 ppm)
GH2 Glyco_hydro_2_C ? -galactosidase, ?-mannosidase, others 0 0 3 (938 ppm) 1 (243 ppm)
GH3 Glyco_hydro_3 ?-1,4-glucosidase, ?-1,4-xylosidase, ? -1,3-
glucosidase, ?-L-arabinofuranosidase, others
6 (928 ppm) 2 (384 ppm) 2 (482 ppm) 2 (363 ppm)
GH4 Glyco_hydro_4 ?-glucosidase, ?-galactosidase, ?-
glucuronidase, others
0 1 (356 ppm) 2 (893 ppm) 0
GH5 Cellulase cellulase, ?-1,4-endoglucanase, ?-1,3-
glucosidase, ?-1,4-endoxylanase, ? -1,4-
endomannanase, others
4 (893 ppm) 3 (707 ppm) 5 (1484 ppm) 10 (2515 ppm)
GH6 Glyco_hydro_6 endoglucanase, cellobiohydrolase 0 2 (525 ppm) 0 0
GH7 Glyco_hydro_7 endoglucanase, cellobiohydrolase (fungal only) 0 0 0 0
GH8 Glyco_hydro_8 cellulase, ? -1,3-glucosidase, ? -1,4-
endoxylanase, ? -1,4-endomannanase, others
5 (1228 ppm) 0 0 1 (281 ppm)
GH9 Glyco_hydro_9 endoglucanase, cellobiohydrolase, ? -
glucosidase
6 (1870 ppm) 2 (749 ppm) 2 (919 ppm) 16 (5729 ppm)
GH10 Glyco_hydro_10 xylanase, ?-1,3-endoxylanase 3 (646 ppm) 2 (528 ppm) 5 (1703 ppm) 5 (1262 ppm)
GH11 Glyco_hydro_11 xylanase 1 (127 ppm) 1 (147 ppm) 0 1 (148 ppm)
GH12 Glyco_hydro_12 endoglucanase, ?-1,3-1,4-glucanase, xyloglucan 
hydrolase
0 0 0 0
GH13 Alpha-amylase ?-amylase, catalytic domain, and related 
enzymes
4 (1114 ppm) 6 (1824 ppm) 4 (1545 ppm) 2 (562 ppm)
GH14 Glyco_hydro_14 ? -amylase 0 0 0 0
GH15 Glyco_hydro_15 glucoamylase, glucodextranase 1 (246 ppm) 2 (612 ppm) 1 (391 ppm) 1 (299 ppm)
GH16 Glyco_hydro_16 ? -1,3(4)-endoglucanase, others 2 (267 ppm) 0 1 (152 ppm) 2 (324 ppm)
GH17 Glyco_hydro_17 glucan endo-1,3- ? -D-glucosidase glucan 1,3- ?-
glucosidase, others
0 0 0 0
GH18 Glyco_hydro_18 chitinase, endo- ?-N-acetylglucosaminidase, non-
catalytic proteins
0 2 (638 ppm) 0 3 (746 ppm)
GH19 Glyco_hydro_19 chitinase 0 0 0 0
GH20 Glyco_hydro_20 ?-hexosaminidase, lacto-N-biosidase 0 0 1 (340 ppm) 0
GH22 Lys C-type lysozyme, ?-lactalbumin (eukaryotic 
only)
0 0 0 0
GH23 SLT # G-type lysozyme, peptidoglycan lytic 
transglycosylase
4 (317 ppm) 0 3 (393 ppm) 2 (182 ppm)
GH24 Phage_lysozyme $ lysozyme 0 0 0 0
GH25 Glyco_hydro_25 lysozyme 0 0 0 0
GH26 Glyco_hydro_26 ? -1,3-xylanase, mannanase 1 (208 ppm) 0 1 (334 ppm) 2 (509 ppm)
GH27 Melibiase ?-galactosidase, ?-N-acetylgalactosaminidase, 
isomalto-dextranase
0 0 1 (429 ppm) 0
GH28 Glyco_hydro_28 polygalacturonase, rhamnogalacturonase, 
others
0 0 2 (752 ppm) 0
GH29 Alpha_L_fucos ?-L-fucosidase 0 0 0 0
GH30 Glyco_hydro_30 ?-1,6-glucanase, ?-xylosidase 0 0 1 (476 ppm) 0
GH31 Glyco_hydro_31 ?-glucosidase, ?-xylosidase, others 1 (298 ppm) 1 (353 ppm) 1 (463 ppm) 0
GH32 Glyco_hydro_32N invertase, others 0 0 0 0
GH33 BNR sialidase, neuraminidase 0 0 0 0
GH34 Neur sialidase, neuraminidase (viral only) 0 0 0 0
GH35 Glyco_hydro_35 ? -galactosidase 0 0 0 0
GH37 Trehalase trehalase 0 0 0 0
GH38 Glyco_hydro_38 ?-mannosidase 0 0 0 0
GH39 Glyco_hydro_39 ?-xylosidase, ?-L-iduronidase 0 0 3 (1360 ppm) 0
GH42 Glyco_hydro_42 ? -galactosidase 0 1 (338 ppm) 1 (459 ppm) 0
GH43 Glyco_hydro_43 # xylanase, ? -xylosidase, ?-L-
arabinofuranosidase, arabinanase, others
2 (369 ppm) 1 (241 ppm) 4 (1232 ppm) 4 (919 ppm)
GH45 Glyco_hydro_45 endoglucanase (mainly eukaryotic, 2 bacterial) 0 0 0 0
GH46 Glyco_hydro_46 chitosanase 0 0 0 0
GH47 Glyco_hydro_47 ?-mannosidase (mainly eukaryotic, 1 bacterial) 0 0 0 0
GH48 Glyco_hydro_48 endoglucanase, cellobiohydrolase 0 1 (524 ppm) 1 (670 ppm) 2 (988 ppm)
GH49 Glyco_hydro_49 dextranase, isopullulanase, others 0 0 0 0
GH52 Glyco_hydro_52 ?-xylosidase 0 0 0 0
GH53 Glyco_hydro_53 # ? -1,4-endogalactanase 0 0 0 1 (240 ppm)
GH54 ArabFuran-catal # ?-xylosidase, ?-L-arabinofuranosidase (mainly 
eukaryotic, 2 bacterial)
0 0 0 0
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JGI ID 400030000 620040000 625650000 400320000
Nucleotide sequence length 4433218 3642249 2788317 3783150
Protein coding genes 3592 3117 2602 3163
Glycoside hydrolase catalytic domains
GH56 Glyco_hydro_56 hyaluronidase (eukaryotic only) 0 0 0 0
GH57 Glyco_hydro_57 ? -amylase, 4- ?-glucanotransferase, ?-
galactosidase, others
1 (213 ppm) 0 0 0
GH59 Glyco_hydro_59 galactocerebrosidase (mainly eukaryotic, 2 
bacterial)
0 0 0 0
GH61 Glyco_hydro_61 endoglucanase (fungal only) 0 0 0 0
GH62 Glyco_hydro_62 ? -L-arabinofuranosidase 0 0 0 0
GH63 Glyco_hydro_63 processing ?-glucosidase 0 0 0 0
GH65 Glyco_hydro_65m trehalase, maltose phosphorylase, trehalose 
phosphorylase
0 1 (340 ppm) 2 (833 ppm) 0
GH67 Glyco_hydro_67M ? -glucuronidase, others 0 0 1 (356 ppm) 0
GH68 Glyco_hydro_68 levansucrase, others 0 0 0 0
GH70 Glyco_hydro_70 dextransucrase, others 0 0 0 0
GH71 Glyco_hydro_71 ? -1,3-glucanase (mainly fungal, 1 bacterial) 0 0 0 0
GH72 Glyco_hydro_72 ? -1,3-glucanosyltransglycosylase (fungal only) 0 0 0 0
GH73 Glucosaminidase endo- ?-N-acetylglucosaminidase, others 1 (97 ppm) 0 0 0
GH75 Chitosanase chitosanase (mainly fungal) 0 0 0 0
GH76 Glyco_hydro_76 ? -1,6-mannanase 0 0 0 0
GH77 Glyco_hydro_77 4-?-glucanotransferase, amylomaltase 1 (328 ppm) 1 (442 ppm) 0 0
GH78 Bac_rhamnosid ?-L-rhamnosidase 0 0 2 (867 ppm) 0
GH79 Glyco_hydro_79n endo- ?-glucuronidase 0 0 0 0
GH81 Glyco_hydro_81 ? -1,3-glucanase (mainly eukaryotic, 6 bacterial) 0 1 (531 ppm) 0 1 (504 ppm)
GH83 HN hemaglutinin-neuraminidase (viral only) 0 0 0 0
GH84 Hyaluronidase_2 # hyaluronidase, N-acetyl b-glucosaminidase 0 0 0 0
GH85 Glyco_hydro_85 endo- ? -N-acetylglucosaminidase 0 0 0 0
GH88 Glyco_hydro_88 d-4,5 unsaturated ?-glucuronyl hydrolase 0 0 2 (755 ppm) 0
GH89 NAGLU ?-N-acetylglucosaminidase 0 0 0 0
GH92 Glyco_hydro_92 # ? -1,2-mannosidase 0 0 0 0
GH98 Glyco_hydro_98M # endo- ?-galactosidase 0 0 0 0
GH100 Invertase_neut alkaline and neutral invertase 0 0 0 0
GH102 MltA peptidoglycan lytic transglycosylase 0 0 0 0
GH103 TIGR: MltB # peptidoglycan lytic transglycosylase 0 0 0 0
GH108 DUF847 # N-acetylmuramidase 0 0 0 0
Carbohydrate-binding domains
CBM1 CBM_1 cellulose-binding domain (mainly fungal, 1 viral) 0 0 0 0
CBM2 CBM_2 cellulose-binding domain 0 14 (1134 ppm) 0 0
CBM3 CBM_3 cellulose-binding domain 0 2 (133 ppm) 10 (898 ppm) 19 (1278 ppm)
CBM4 CBM_4_9 & amorphous cellulose-, xylan- and glucan-binding 
domain
2 (208 ppm) 1 (115 ppm) 9 (1504 ppm) 12 (1458 ppm)
CBM5 CBM_5_12 ¥ cellulose-binding domain 0 0 0 0
CBM6 CBM_6 amorphous cellulose- and xylan-binding domain 2 (162 ppm) 1 (96 ppm) 1 (136 ppm) 17 (1653 ppm)
CBM10 CBM_10 cellulose-binding domain (aerobic bacteria) and 
dockerin (anaerobic fungi)
0 0 0 0
CBM11 CBM_11 # glucan-binding domain 1 (129 ppm) 0 0 1 (139 ppm)
CBM13 Ricin_B_lectin mannose- and xylan-binding domain 0 1 (112 ppm) 0 1 (108 ppm)
CBM14 CBM_14 chitin-binding domain 0 0 0 0
CBM15 CBM_15 xylan-binding domain (2 bacterial) 0 0 0 0
CBM17 CBM_17_28 ? amorphous cellulose- and cellooligosaccharide-
binding domain
0 0 1 (238 ppm) 0
CBM18 Chitin_bind_1 chitin-binding domain (eukaryotic only) 0 0 0 0
CBM19 CBM_19 chitin-binding domain (eukaryotic only) 0 0 0 0
CBM20 CBM_20 starch-binding domain 0 1 (78 ppm) 1 (110 ppm) 0
CBM21 CBM_21 starch-binding domain (mainly eukaryotic, 1 
bacterial)
0 0 0 0
CBM25 CBM_25 starch-binding domain 0 0 0 0
CBM27 CBM27 # mannan-binding domain 0 0 0 0
CBM32 F5_F8_type_C galactose- and lactose-binding domain 1 (83 ppm) 1 (108 ppm) 1 (125 ppm) 1 (92 ppm)
CBM33 Chitin_bind_3 chitin-binding domain 0 2 (334 ppm) 0 0
CBM34 Alpha_amylase_N starch-binding domain 0 0 0 1 (90 ppm)
CBM40 Sialidase sialic acid-binding domain 0 0 0 0
CBM41 PUD# ?-glucan-, amylose-, amylopectin-, and pullulan-
binding domain
0 0 1 (113 ppm) 0
CBM42 AbfB# arabinose-binding domain 0 0 0 4 (429 ppm)
CBM43 X8 # ? -1,3-glucan binding domain (eukaryotic only) 0 0 0 0  
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JGI ID 400030000 620040000 625650000 400320000
Nucleotide sequence length 4433218 3642249 2788317 3783150
Protein coding genes 3592 3117 2602 3163
Other domains oftentimes associated with GH catalytic domains
Alpha-amylase_C ?-amylase, C-terminal all- ?  domain; associated 
with GH13
0 1 (67 ppm) 0 0
Alpha-L-AF_C ?-L-arabinofuranosidase, C-terminal domain; 
associated with GH51
0 0 1 (219 ppm) 1 (163 ppm)
Alpha-mann_mid middle domain; associated with GH38 0 0 0 0
Big_1 Bacterial Ig-like domain (group 1) 0 0 0 1 (84 ppm)
Big_2 Bacterial Ig-like domain (group 2) 0 0 2 (169 ppm) 1 (63 ppm)
Big_3 Bacterial Ig-like domain (group 3) 0 0 0 0
Big_4 Bacterial Ig-like domain (group 4) 0 0 2 (130 ppm) 1 (44 ppm)
Bgal_small_N ? -galactosidase, small chain; associated with 
GH2
0 0 2 (581 ppm) 0
CBM_X associated with GH94 0 0 2 (138 ppm) 3 (152 ppm)
CelD_N N-terminal Ig-like domain of cellulase; 
associated with GH9
4 (252 ppm) 1 (75 ppm) 0 4 (292 ppm)
CHB_HEX Putative carbohydrate binding domain; 
associated with GH20
0 0 0 0
CHB_HEX_C Chitobiase/beta-hexosaminidase C-terminal 
domain; associated with GH20
0 0 0 0
ChiC Chitinase C; associated with GH18 0 0 0 0
ChitinaseA_N Chitinase A, N-terminal domain; associated with 
GH18
0 0 0 0
Cohesin Cohesin domain 0 0 0 29 (3558 ppm)
Dockerin_1 Dockerin type I repeat 0 0 0 138 (2297 ppm)
fn3 Fibronectin type III domain 1 (53 ppm) 4 (275 ppm) 0 7 (440 ppm)
GDE_C Amylo-alpha-1,6-glucosidase 1 (248 ppm) 0 0 1 (290 ppm)
Glucodextran_B Glucodextranase, domain B; associated with 
GH15
0 0 0 0
Glucodextran_N Glucodextranase, domain N; associated with 
GH15
0 0 0 0
Glyco_hydro_2_N sugar-binding domain 0 1 (125 ppm) 5 (902 ppm) 1 (79 ppm)
Glyco_hydro_2 immunoglobulin-like ?-sandwich domain 0 0 3 (359 ppm) 1 (90 ppm)
Glyco_hydro_3_C C-terminal domain (glycan-binding?) 4 (658 ppm) 2 (397 ppm) 2 (510 ppm) 1 (170 ppm)
Glyco_hydro_20b domain 2 0 0 0 0
Glyco_hydro_32C C-terminal domain 0 0 0 0
Glyco_hydro_38C C-terminal domain 0 0 0 0
Glyco_hydro_42M trimerisation domain 0 1 (172 ppm) 1 (228 ppm) 0
Glyco_hydro_42C C-terminal domain 0 0 1 (62 ppm) 0
Glyco_hydro_65N N-terminal domain 0 1 (213 ppm) 2 (551 ppm) 0
Glyco_hydro_65C C-terminal domain 0 0 2 (111 ppm) 0
Glyco_hydro_67N N-terminal domain 0 0 1 (132 ppm) 0
Glyco_hydro_67C C-terminal domain 0 0 1 (242 ppm) 0
Glyco_hydro_98C C-terminal domain 0 0 0 0
Glyco_transf_36 associated with GH94 0 0 2 (237 ppm) 4 (343 ppm)
GT36_AF associated with GH94 0 0 2 (186 ppm) 3 (213 ppm)
He_PIG Putative Ig-like domain 0 0 0 0
Isoamylase_N Isoamylase N-terminal domain; associated with 
GH13
1 (58 ppm) 2 (144 ppm) 2 (185 ppm) 1 (67 ppm)









The CAZy website links to Pfam PF02018.7 (CBM_4_9) for all, CBM4, CBM9, CBM16, and CBM22.
The CAZy website links to Pfam PF02839.4 (CBM_5_12) for both, CBM5 and CBM12.
The CAZy website links to Pfam PF03424.3 (CBM_17_28) for both, CBM17 and CBM28.
Pfam HMM hits are counted if their e-value is smaller than 1e-4. BLAST hits are counted if their e-value is smaller than 1e-6. The value in 
parenthesis is the ratio between the total nucleotide length of the hits for this family and the total nucleotide l
CAZy does not provide weblinks to Pfam for this family, but this Pfam HMM recognizes the sequences of this family.
No Pfam HMM is available for this family. BLAST searches were conducted with segments of selected sequences listed at CAZy 
corresponding to this family.
The CAZy website links to Pfam PF00959.9 (Phage_lysozyme) for both, GH24 and GH104.
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Table S7. Phylogenetic characterization of the termite gut metagenome sequence dataset, 
based on compositional phylogenetic analysis 
43
. Shown are clades containing ?50 kb of 
sequence for fragments ?1 kb. 
Taxonomic group # fragments %a # bp %a 
Bacteria 18,869 96 28,048,863 96 
Bacteroidetes 189 1 287,830 1 
Fibrobacteres 434 2 828,179 3 
Firmicutes 640 3 963,754 3 
Clostridia 39 <1 98,404 <1 
Proteobacteria 1,614 8 2,579,469 9 
Betaproteobacteria 197 1 287,933 1 
Gammaproteobacteria 47 <1 92,769 <1 
Deltaproteobacteria 43 <1 85,112 <1 
Epsilonproteobacteria 111 1 125,930 <1 
Spirochaetes 4,648 24 9,487,929 33 
Spirochaetales     
Treponema 4,500 23 9,288,738 32 
Archaea 584 3 762,065 3 
Euryarchaeota 196 1 269,315 1 
Other 251 1 311,181 1 
Total 19,720  29,164,892  
a
 percentages are given at different taxonomic levels, hence add up to more than 100%; data in 
shaded rows was assigned to the sample-derived classes for the Fibrobacteres and Treponema 
clades of the model, all other assignments are to classes trained from publicly available data 
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Table S8. Counts of genes classified to COGs corresponding to different hydrogenase 
families.  
Gene count in termite hindgut metagenome Hydrogenase class COG 
total Fibrobacter Treponema other 
COG0374 (Ni,Fe-hydrogenase I 
large subunit) 
0 0 0 0 Ni-Fe hydrogen-uptake 
hydrogenase 
COG1740 (Ni,Fe-hydrogenase I 
small subunit 
0 0 0 0 
COG3261 (Ni,Fe-hydrogenase III 
large subunit) 
1 0 0 1 Ni-Fe hydrogen-evolving 
hydrogenase 
COG3260 (Ni,Fe-hydrogenase III 
small subunit) 
1 0 0 1 
Metal-free uptake hydrogenase COG4074 (H2-forming N5,N10-
methylenetetrahydromethanopterin 
dehydrogenase) 
0 0 0 0 
Iron-only hydrogenase 
(reversible) 
COG4624 (Iron only hydrogenase 
large subunit, C-terminal domain) 
124 0 24 100 
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Table S9. Fe-only hydrogenases (COG4624, large subunit, C-terminal domain) identified in the P3 luminal 
microbiota. Expressed genes identified in the metaproteomic analysis are highlighted in blue. 
Family Gene_OID IMG/M annotation Contig/read # 
family 1  2004147267 Methyl-accepting chemotaxis protein  Contig41712  
 family 1  2004145065 Iron only hydrogenase large subunit, C-terminal domain  Contig41140  
 family 1  2004144833 Iron only hydrogenase large subunit, C-terminal domain  Contig41062  
 family 1  2004144069 Methyl-accepting chemotaxis protein  Contig40793  
 family 1  2004139220 Methyl-accepting chemotaxis protein  Contig38638  
 family 1  2004138928 Methyl-accepting chemotaxis protein  Contig38500  
 family 1  2004138343 Sigma-54 dependent transcriptional regulator, Fis family  Contig38190  
 family 1  2004135624 Iron only hydrogenase large subunit, C-terminal domain  Contig36773  
 family 1  2004135138 Iron only hydrogenase large subunit, C-terminal domain  Contig36510  
 family 1  2004133729 Methyl-accepting chemotaxis protein  Contig35731  
 family 1  2004131875 Methyl-accepting chemotaxis protein  Contig34710  
 family 1  2004130511 Methyl-accepting chemotaxis protein  Contig33880  
 family 1  2004130436 Ferredoxin 2  Contig33825  
 family 1  2004125995 Iron only hydrogenase large subunit, C-terminal domain  Contig31061  
 family 1  2004123920 Ferredoxin 2  Contig29740  
 family 1  2004123628 Methyl-accepting chemotaxis protein  Contig29555  
 family 1  2004120652 Iron only hydrogenase large subunit, C-terminal domain  Contig27679  
 family 1  2004119843 Iron only hydrogenase large subunit, C-terminal domain  Contig27164  
 family 1  2004119364 Iron only hydrogenase large subunit, C-terminal domain  Contig26877  
 family 1  2004116165 Iron only hydrogenase large subunit, C-terminal domain  Contig24838  
 family 1  2004115852 Methyl-accepting chemotaxis protein  Contig24630  
 family 1  2004115530 Iron only hydrogenase large subunit, C-terminal domain  Contig24431  
 family 1  2004115224 Iron only hydrogenase large subunit, C-terminal domain  Contig24239  
 family 1  2004113529 Sigma-54 dependent transcriptional regulator, Fis family  Contig23149  
 family 1  2004110612 Iron only hydrogenase large subunit, C-terminal domain  Contig21035  
 family 1  2004108337 Ferredoxin 2  Contig19382  
 family 1  2004107815 Iron only hydrogenase large subunit, C-terminal domain  Contig18989  
 family 1  2004106533 Sigma-54 dependent transcriptional regulator, Fis family  Contig18043  
 family 1  2004100524 Iron only hydrogenase large subunit, C-terminal domain  Contig13615  
 family 1  2004094811 Iron only hydrogenase large subunit, C-terminal domain  Contig9317  
 family 1  2004090341 Iron only hydrogenase large subunit, C-terminal domain  Contig5988  
 family 1  2004088633 Iron only hydrogenase large subunit, C-terminal domain  Contig4679  
 family 1  2004088033  Contig4225  
 family 1  2004086764 Iron only hydrogenase large subunit, C-terminal domain  Contig3281  
 family 1  2004086733 Iron only hydrogenase large subunit, C-terminal domain  Contig3259  
 family 1  2004084573 Iron only hydrogenase large subunit, C-terminal domain  Contig1675  
 family 1  2004083504 Iron only hydrogenase large subunit, C-terminal domain  Contig870  
 family 1  2004083482 Iron only hydrogenase large subunit, C-terminal domain  Contig856  
 family 2  2004083911 Uncharacterized anaerobic dehydrogenase  Contig1178  
 family 2  2004095107 Iron only hydrogenase large subunit, C-terminal domain  Contig9545  
 family 2  2004131651 Uncharacterized anaerobic dehydrogenase  Contig34592  
 family 2  2004145969 NADH dehydrogenase/NADH  Contig41400  
 family 3  2004160714 Iron only hydrogenase large subunit, C-terminal domain  BHZN39579_g2  
 family 3  2004148312 Iron only hydrogenase large subunit, C-terminal domain  BHZN3955_g1  
 family 3  2004146072 Iron only hydrogenase large subunit, C-terminal domain  Contig41428  
 family 3  2004145706 Iron only hydrogenase large subunit, C-terminal domain  Contig41331  
 family 3  2004144780 Iron only hydrogenase large subunit, C-terminal domain  Contig41045  
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Family Gene_OID IMG/M annotation Contig/read # 
 family 3  2004142657 Iron only hydrogenase large subunit, C-terminal domain  Contig40246  
 family 3  2004142656 Iron only hydrogenase large subunit, C-terminal domain  Contig40246  
 family 3  2004141757 Iron only hydrogenase large subunit, C-terminal domain  Contig39862  
 family 3  2004139922 Iron only hydrogenase large subunit, C-terminal domain  Contig38965  
 family 3  2004138311 NADH dehydrogenase/NADH  Contig38171  
 family 3  2004136169 Iron only hydrogenase large subunit, C-terminal domain  Contig37066  
 family 3  2004133409 Iron only hydrogenase large subunit, C-terminal domain  Contig35567  
 family 3  2004133408 Iron only hydrogenase large subunit, C-terminal domain  Contig35567  
 family 3  2004132119 Iron only hydrogenase large subunit, C-terminal domain  Contig34839  
 family 3  2004128968 Iron only hydrogenase large subunit, C-terminal domain  Contig32917  
 family 3  2004128967 Iron only hydrogenase large subunit, C-terminal domain  Contig32917  
 family 3  2004126522 Uncharacterized anaerobic dehydrogenase  Contig31391  
 family 3  2004123602 Iron only hydrogenase large subunit, C-terminal domain  Contig29540  
 family 3  2004119568 Iron only hydrogenase large subunit, C-terminal domain  Contig27003  
 family 3  2004119452 Iron only hydrogenase large subunit, C-terminal domain  Contig26935  
 family 3  2004118909 Iron only hydrogenase large subunit, C-terminal domain  Contig26581  
 family 3  2004117939 Iron only hydrogenase large subunit, C-terminal domain  Contig25966  
 family 3  2004111139 Uncharacterized anaerobic dehydrogenase  Contig21412  
 family 3  2004110961 Iron only hydrogenase large subunit, C-terminal domain  Contig21282  
 family 3  2004107649 Iron only hydrogenase large subunit, C-terminal domain  Contig18868  
 family 3  2004106470 Iron only hydrogenase large subunit, C-terminal domain  Contig17999  
 family 3  2004105320 Iron only hydrogenase large subunit, C-terminal domain  Contig17144  
 family 3  2004101268 Iron only hydrogenase large subunit, C-terminal domain  Contig14158  
 family 3  2004100209 Iron only hydrogenase large subunit, C-terminal domain  Contig13393  
                         
family 3  2004098523 Iron only hydrogenase large subunit, C-terminal domain  Contig12149  
 family 3  2004097668 NADH dehydrogenase/NADH  Contig11484  
 family 3  2004096748 Iron only hydrogenase large subunit, C-terminal domain  Contig10773  
 family 3  2004093306 Iron only hydrogenase large subunit, C-terminal domain  Contig8200  
 family 3  2004091623 Iron only hydrogenase large subunit, C-terminal domain  Contig6946  
 family 3  2004091513 Iron only hydrogenase large subunit, C-terminal domain  Contig6870  
 family 3  2004090116 Iron only hydrogenase large subunit, C-terminal domain  Contig5808  
 family 3  2004087563 Iron only hydrogenase large subunit, C-terminal domain  Contig3857  
 family 3  2004086063 Iron only hydrogenase large subunit, C-terminal domain  Contig2785  
 family 3  2004085995 Iron only hydrogenase large subunit, C-terminal domain  Contig2738  
 family 3  2004083009 Iron only hydrogenase large subunit, C-terminal domain  Contig520  
 family 3  2004087291 Iron only hydrogenase large subunit, C-terminal domain Contig3659 
 family 3  2004113334 Iron only hydrogenase large subunit, C-terminal domain Contig23005 
 family 3  2004084376 Iron only hydrogenase large subunit, C-terminal domain Contig1522 
 family 4  2004145520 Iron only hydrogenase large subunit, C-terminal domain  Contig41281  
 family 4  2004143447 Predicted Fe-S protein  Contig40571  
 family 4  2004143119 Iron only hydrogenase large subunit, C-terminal domain  Contig40438  
 family 4  2004142364 Predicted Fe-S protein  Contig40123  
 family 4  2004142003 Predicted Fe-S protein  Contig39974  
 family 4  2004141813 Iron only hydrogenase large subunit, C-terminal domain  Contig39888  
 family 4  2004140344 Iron only hydrogenase large subunit, C-terminal domain  Contig39175  
 family 4  2004137623 Iron only hydrogenase large subunit, C-terminal domain  Contig37820  
 family 4  2004136305 Iron only hydrogenase large subunit, C-terminal domain  Contig37142  
 family 4  2004132739  Contig35189  
 family 4  2004130999 Predicted Fe-S protein  Contig34175  
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Family Gene_OID IMG/M annotation Contig/read # 
 family 4  2004122985 Predicted Fe-S protein  Contig29147  
 family 4  2004118032 Iron only hydrogenase large subunit, C-terminal domain  Contig26030  
 family 4  2004117531 Iron only hydrogenase large subunit, C-terminal domain  Contig25710  
 family 4  2004113736 Predicted Fe-S protein  Contig23289  
 family 4  2004112441 Iron only hydrogenase large subunit, C-terminal domain  Contig22346  
 family 4  2004110033 Iron only hydrogenase large subunit, C-terminal domain  Contig20612  
 family 4  2004107974 Iron only hydrogenase large subunit, C-terminal domain  Contig19110  
 family 4  2004106935 Predicted Fe-S protein  Contig18338  
 family 4  2004104986 Predicted Fe-S protein  Contig16892  
 family 4  2004094651 Iron only hydrogenase large subunit, C-terminal domain  Contig9194  
 family 4  2004092344 Iron only hydrogenase large subunit, C-terminal domain  Contig7486  
 family 4  2004085753 Predicted Fe-S protein  Contig2559  
 family 4  2004085275 Predicted Fe-S protein  Contig2200  
 family 4  2004084806 Iron only hydrogenase large subunit, C-terminal domain  Contig1848  
 family 4  2004086462 Predicted Fe-S protein  Contig3065  
 family 5  2004084868 Ferredoxin 2  Contig1895  
 family 5  2004103550  Contig15845  
 family 5  2004117823 Methyl-accepting chemotaxis protein  Contig25893  
 family 5  2004133476 Iron only hydrogenase large subunit, C-terminal domain  Contig35600  
 family 5  2004137292 Methyl-accepting chemotaxis protein  Contig37649  
 family 5  2004145010 Methyl-accepting chemotaxis protein  Contig41124  
 family 5  2004123386  Contig29398  
 family 6  2004088165 Iron only hydrogenase large subunit, C-terminal domain  Contig4324  
 family 6  2004088501 Fe-hydrogenase large subunit family protein  Contig4580  
 family 6  2004091626 Iron only hydrogenase large subunit, C-terminal domain  Contig6948  
 family 6  2004096774 Iron only hydrogenase large subunit, C-terminal domain  Contig10793  
 family 6  2004097531 Iron only hydrogenase large subunit, C-terminal domain  Contig11376  
 family 6  2004104141 Iron only hydrogenase large subunit, C-terminal domain  Contig16272  
 family 6  2004104158 Iron only hydrogenase large subunit, C-terminal domain  Contig16283  
 family 6  2004116450 Iron only hydrogenase large subunit, C-terminal domain  Contig25030  
 family 6  2004118259 Iron only hydrogenase large subunit, C-terminal domain  Contig26175  
 family 6  2004121757 Fe-hydrogenase large subunit family protein  Contig28364  
 family 6  2004123063 Iron only hydrogenase large subunit, C-terminal domain  Contig29195  
 family 6  2004131441 Fe-hydrogenase large subunit family protein  Contig34452  
 family 6  2004131442 Iron only hydrogenase large subunit, C-terminal domain  Contig34452  
 family 6  2004132679 Iron only hydrogenase large subunit, C-terminal domain  Contig35152  
 family 6  2004137321 Fe-hydrogenase large subunit family protein  Contig37664  
 family 6  2004145474 Iron only hydrogenase large subunit, C-terminal domain  Contig41267  
 family 6  2004141812  Contig39888  
 family 7  2004096510 Iron only hydrogenase large subunit, C-terminal domain  Contig10596  
 family 7  2004102798 Iron only hydrogenase large subunit, C-terminal domain  Contig15296  
 family 7  2004130014 Iron only hydrogenase large subunit, C-terminal domain  Contig33577  
 family 7  2004139317 NADH dehydrogenase/NADH  Contig38678  
 family 7  2004147498 Iron only hydrogenase large subunit, C-terminal domain  Contig41753  
 family 7  2004149219 Iron only hydrogenase large subunit, C-terminal domain  BHZN6343_g1  
 family 8  2004086463 Iron only hydrogenase large subunit, C-terminal domain  Contig3066  
 family 8  2004097310 Iron only hydrogenase large subunit, C-terminal domain  Contig11202  
 family 8  2004116251 Predicted Fe-S protein  Contig24896  
 family 8  2004125308 Iron only hydrogenase large subunit, C-terminal domain  Contig30621  
doi: 10.1038/nature06269                                                                                                                                                SUPPLEMENTARY INFORMATION
www.nature.com/nature 27
SUPPLEMENTARY INFORMATION  Warnecke et al: Page 28  
 
Family Gene_OID IMG/M annotation Contig/read # 
 family 8  2004127099 Predicted Fe-S protein  Contig31758  
 family 8  2004147499 Iron only hydrogenase large subunit, C-terminal domain  Contig41753 
 family 10  2004088865 Ferredoxin 2  Contig4854  
 family 10  2004124058 Iron only hydrogenase large subunit, C-terminal domain  Contig29832  
 family 10  2004128298 Iron only hydrogenase large subunit, C-terminal domain  Contig32507  
 family 10  2004145200 Methyl-accepting chemotaxis protein  Contig41182  
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NOG14630 Hypothetical repeat containing protein  2004131930   1.3E-04 82 (1.00)   0 (0.00) 0 (0.00) 0 (0.00) 
COG2373 Large extracellular alpha-helical protein 2004146652 R 2.2E-04 201 (0.83)  28 (0.01) 83 (0.16) 0 (0.00) 
NOG18930 Fibronectin type III domain protein 2004133748   4.0E-04 79 (0.87)   44 (0.04) 9 (0.05) 2 (0.04) 
COG1262 Uncharacterized conserved protein 2004132642 S 4.4E-04 205 (0.75)  247 (0.08) 106 (0.18) 0 (0.00) 
COG2604 Uncharacterized protein conserved in bacteria 2004142827 S 4.5E-04 51 (0.98)   5 (0.01) 1 (0.01) 0 (0.00) 
NOG06353 Integrase domain protein  2004141667  4.9E-04 58 (0.95)  1 (0.00) 6 (0.04) 0 (0.00) 
COG4624 Iron only hydrogenase large subunit, C-terminal domain 2004145706 R 5.3E-04 145 (0.69)   211 (0.08) 11 (0.02) 24 (0.20) 
NOG45161 Alpha amylase family protein  2004146628  5.5E-04 60 (0.95)  0 (0.00) 7 (0.05) 0 (0.00) 
COG4886 Leucine-rich repeat (LRR) protein 2004146824 S 7.2E-04 133 (0.65)   502 (0.20) 51 (0.11) 4 (0.04) 
COG1543 Uncharacterized conserved protein 2004121747 S 8.3E-04 51 (0.89)  24 (0.04) 9 (0.07) 0 (0.00) 
NOG18207 Hypothetical protein  2004145197   9.4E-04 53 (0.95)   0 (0.00) 6 (0.05) 0 (0.00) 
COG3378 Predicted ATPase 2004143224 R 1.0E-03 98 (0.80)  48 (0.03) 11 (0.04) 9 (0.13) 
COG1453 Predicted oxidoreductases of the aldo/keto reductase family 2004136416 R 1.0E-03 110 (0.78)   47 (0.03) 3 (0.01) 14 (0.18) 
COG4804 Uncharacterized conserved protein 2004137258 S 1.3E-03 80 (0.76)  7 (0.01) 8 (0.03) 12 (0.20) 
NOG44579 Conserved protein  2004146659   2.2E-03 100 (0.67)   1 (0.00) 0 (0.00) 28 (0.33) 
COG1079 Uncharacterized ABC-type transport system, permease component 2004139432 R 2.4E-03 59 (0.65)  252 (0.21) 20 (0.12) 1 (0.02) 
COG4603 ABC-type uncharacterized transport system, permease component 2004139431 R 2.4E-03 64 (0.65)   252 (0.23) 26 (0.10) 1 (0.02) 
TOG1 
(TIGR02145) Hypothetical protein  2004082485   482 (0.98) 1 (2) 18 (0.00) 7 (0.01) 3 (0.01) 
TOG2 Hypothetical protein  2004147571     145 (0.93) 13 (1833) 1 (0.00) 1 (0.00) 6 (0.07) 
TOG3 Hypothetical protein  2004084370   121 (0.97)  40 (0.03) 0 (0.00) 0 (0.00) 
TOG4 
(TIGR0178) Hypothetical protein  2004083157     103 (0.91)   0 (0.00) 0 (0.00) 6 (0.09) 
TOG5 
(TIGR0224) Hypothetical protein  2004083056   97 (0.84)  11 (0.01) 6 (0.02) 8 (0.13) 
TOG6 Hypothetical protein  2004083890     83 (1.00) 2 (2) 3 (0.00) 0 (0.00) 0 (0.00) 
TOG7 Hypothetical protein  2004082393   78 (0.89) 1 (2) 21 (0.02) 5 (0.03) 3 (0.06) 
TOG8 (PF01590) Hypothetical protein  2004082587     72 (0.96)   2 (0.00) 6 (0.04) 0 (0.00) 
TOG9 Hypothetical protein  2004082635   67 (0.97) 3 (24) 1 (0.00) 1 (0.01) 1 (0.03) 
TOG10 
(PF01627) Hypothetical protein  2004082388     60 (0.99)   1 (0.00) 1 (0.01) 0 (0.00) 
TOG11 Hypothetical protein  2004083498   60 (1.00)  1 (0.00) 0 (0.00) 0 (0.00) 
TOG12 Hypothetical protein  2004084111     60 (0.81)   15 (0.02) 13 (0.08) 4 (0.10) 
TOG13 
(TIGR02722) Hypothetical protein  2004088261   58 (0.95)  29 (0.04) 2 (0.01) 0 (0.00) 
TOG14 Hypothetical protein  2004083452     56 (1.00)   0 (0.00) 0 (0.00) 0 (0.00) 
TOG15 Hypothetical protein  2004084219   52 (0.96)  19 (0.03) 1 (0.01) 0 (0.00) 
TOG16 Hypothetical protein  2004082452     51 (1.00)   0 (0.00) 0 (0.00) 0 (0.00) 
TOG17 Hypothetical protein  2004085120     50 (0.97)   0 (0.00) 0 (0.00) 1 (0.03) 
a FC – COG functional category, R= “general function prediction only”, S=”function unknown”; b Number of proteins in the dataset, relative 
representation in the specific metagenome is in parenthesis; c appearances of Termite metagenome orthologous group (TOG) peptides in the 
proteomic dataset: number of peptides identified (number of spectral counts) 
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Table S11. Operational taxonomic unit (OTU) representatives of 16S rRNA sequences obtained from the P3 luminal fluid of Nasutitermes spp. 
 
PCR library   Metagenome 
   Closest cultivated species / isolate  
OTU1 OTU rep.2 Acc. #3 %4 
 
%5 Phylum Phylog. group6 %7 Name Acc. #8 
1 290cost002-P3L-1850 EF454252 19     Fibrobacteres TG3-1 79.6 Thermanaeromonas toyohensis AB062280.1 
2 290cost002-P3L-1281 EF453894 6 Contig41540 2 Spirochaetes TTG-2 90.4 Spirochaeta (Treponema) caldaria M71240.1 
3 290cost002-P3L-1173 EF453818 3 Contig41291 2 Spirochaetes TTG-1 89.9 Spirochaeta (Treponema) caldaria M71240.1 
4 290cost002-P3L-1616 EF454087 3 Contig38075 2 Fibrobacteres TG3-1 80.2 Thermanaeromonas toyohensis AB062280.1 
5 290cost002-P3L-1831 EF454236 3     Fibrobacteres TG3-1 79.7 Thermanaeromonas toyohensis AB062280.1 
6 290cost002-P3L-1330 EF453929 3 Contig38078 2 Fibrobacteres TG3-1 79.8 Thermanaeromonas toyohensis AB062280.1 
7 290cost002-P3L-1580 EF454061 2     Fibrobacteres TG3-1 79.8 Thermanaeromonas toyohensis AB062280.1 
8 290cost002-P3L-1788 EF454199 2     Fibrobacteres TG3-1 80.0 Thermanaeromonas toyohensis AB062280.1 
9 290cost002-P3L-1581 EF454062 2     Spirochaetes TTG-2 90.2 Spirochaeta (Treponema) caldaria M71240.1 
10 290cost002-P3L-2273 EF454524 2     Fibrobacteres TG3-1 79.8 Thermanaeromonas toyohensis AB062280.1 
11 290cost002-P3L-1714 EF454151 2     Fibrobacteres TG3-1 79.4 Thermanaeromonas toyohensis AB062280.1 
12 290cost002-P3L-1936 EF454311 2     Fibrobacteres TG3-1 79.8 Thermanaeromonas toyohensis AB062280.1 
13 290cost002-P3L-1710 EF454148 2     Fibrobacteres TG3-1 79.7 Thermanaeromonas toyohensis AB062280.1 
14 290cost002-P3L-1174 EF453819 1     Fibrobacteres TG3-1 79.5 Fibrobacter isolate L35547.1 
15 290cost002-P3L-1474 EF454022 1 Contig41557 2 Spirochaetes TTG-10 93.1 Treponema isolate strain SPIT5 AM182455.1 
16 290cost002-P3L-1290 EF453902 1     Spirochaetes TTG-1 90.2 Spirochaeta (Treponema) caldaria M71240.1 
17 290cost002-P3L-1362 EF453951 1     Fibrobacteres TG3-1 79.4 Thermanaeromonas toyohensis AB062280.1 
18 290cost002-P3L-1792 EF454203 1     Fibrobacteres TG3-1 79.6 Fibrobacter isolate L35547.1 
19 290cost002-P3L-1292 EF453904 1 Contig7288 2 Spirochaetes TTG-10 91.7 Treponema isolate strain SPIT5 AM182455.1 
20 290cost002-P3L-2618 EF454739 1     Fibrobacteres TG3-1 79.4 Thermanaeromonas toyohensis AB062280.1 
21 290cost002-P3L-1195 EF453837 1     Spirochaetes TTG-3 89.8 Spirochaeta (Treponema) caldaria M71240.1 
22 290cost002-P3L-2418 EF454620 1     Fibrobacteres TG3-1 79.6 Thermanaeromonas toyohensis AB062280.1 
23 290cost002-P3L-1232 EF453863 1     Spirochaetes TTG-10 92.0 Treponema azotonutricium ZAS-9 AF320287.1 
24 290cost002-P3L-1484 EF454025 1     Fibrobacteres TG3-1 79.9 Thermanaeromonas toyohensis AB062280.1 
25 290cost002-P3L-1542 EF454030 1     Bacteroidetes Bacteroidales 84.9 Alistipes finegoldii AJ518874.1 
26 290cost002-P3L-2378 EF454595 1     Proteobacteria Deltaproteobacteria 84.6 Pelobacter acidigallici X77216.1 
27 290cost002-P3L-1211 EF453849 1     Fibrobacteres TG3-1 79.8 Thermanaeromonas toyohensis AB062280.1 
28 290cost002-P3L-1190 EF453832 1     Spirochaetes TTG-2 90.2 Spirochaeta (Treponema) caldaria M71240.1 
29 290cost002-P3L-1297 EF453909 1 Contig41389 2 Spirochaetes TTG-1 89.8 Spirochaeta (Treponema) caldaria M71240.1 
30 290cost002-P3L-1558 EF454042 1     Fibrobacteres TG3-1 79.6 Thermanaeromonas toyohensis AB062280.1 
31 290cost002-P3L-1197 EF453839 1     Acidobacteria Holophagales 86.9 Holophaga foetida X77215.1 
32 290cost002-P3L-1243 EF453870 1     Spirochaetes TTG-1 90.1 Spirochaeta (Treponema) caldaria M71240.1 
33 290cost002-P3L-1249 EF453874 1     Spirochaetes TTG-10 93.0 Treponema isolate strain SPIT5 AM182455.1 
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PCR library   Metagenome 
   Closest cultivated species / isolate  
OTU1 OTU rep.2 Acc. #3 %4 
 
%5 Phylum Phylog. group6 %7 Name Acc. #8 
34 290cost002-P3L-1291 EF453903 1     Fibrobacteres TG3-1 79.7 Thermanaeromonas toyohensis AB062280.1 
35 290cost002-P3L-1253 EF453876 1     Bacteroidetes 
Bacteroidales, 
Marinilabiliaceae 85.2 Ruminofilibacter xylanolyticum str. S1 DQ141183.1 
36 290cost002-P3L-2041 EF454386 1     Proteobacteria Deltaproteobacteria 84.5 Deltaproteobacterium str. S2551 AF177428.1 
37 290cost002-P3L-1750 EF454175 1     Spirochaetes TSG-3 80.5 "Spirochaeta bajacaliforniensis" M71239.1 
38 290cost002-P3L-1777 EF454191 1 Contig40418 2 Spirochaetes TTG-4 89.2 Spirochaeta (Treponema) caldaria M71240.1 
39 290cost002-P3L-2121 EF454429 1     Fibrobacteres TG3-1 79.7 Thermanaeromonas toyohensis AB062280.1 
40 290cost002-P3L-1847 EF454249 1     Fibrobacteres TG3-1 79.5 Thermanaeromonas toyohensis AB062280.1 
41 290cost002-P3L-1810 EF454220 1     Spirochaetes TTG-1 90.2 Spirochaeta (Treponema) caldaria M71240.1 
42 290cost002-P3L-1194 EF453836 1 Contig39460 2 Spirochaetes TTG-1 90.4 Spirochaeta (Treponema) caldaria M71240.1 
43 290cost002-P3L-1382 EF453966 1     Fibrobacteres TG3-1 79.4 Thermanaeromonas toyohensis AB062280.1 
44 290cost002-P3L-1770 EF454186 1     Fibrobacteres TG3-1 79.6 Thermanaeromonas toyohensis AB062280.1 
45 290cost002-P3L-1269 EF453887 <1 Contig13944 2 Acidobacteria Holophagales 87.3 Holophaga foetida X77215.1 
46 290cost002-P3L-1573 EF454054 <1 Contig37655 2 Proteobacteria Deltaproteobacteria 84.6 Pelobacter acidigallici X77216.1 
47 290cost002-P3L-1283 EF453896 <1     Spirochaetes TTG-1 90.1 Spirochaeta (Treponema) caldaria M71240.1 
48 290cost002-P3L-1230 EF453861 <1     Fibrobacteres TG3-2 76.7 Brevibacillus isolate WF146 AY950801.1 
49 290cost002-P3L-1384 EF453967 <1     Spirochaetes TTG-4 89.5 Spirochaeta (Treponema) caldaria M71240.1 
50 290cost002-P3L-1582 EF454063 <1 Contig24754 2 Spirochaetes TTG-4 89.1 Spirochaeta (Treponema) caldaria M71240.1 
51 290cost002-P3L-1761 EF454182 <1     Spirochaetes TTG-1 90.0 Spirochaeta (Treponema) caldaria M71240.1 
52 290cost002-P3L-1868 EF454266 <1     Fibrobacteres TG3-1 79.7 Thermanaeromonas toyohensis AB062280.1 
53 290cost002-P3L-2001 EF454358 <1     Fibrobacteres TG3-2 76.0 Butyrate-producing isolate L2-50 AJ270491.2 
54 290cost002-P3L-1314 EF453919 <1     ZB3   79.5 Clostridium sp. str. PPf35E10 AY548785.1 
55 290cost002-P3L-1628 EF454096 <1     Bacteroidetes Bacteroidales 85.0 Paludibacter propionicigenes AB078842.2 
56 290cost002-P3L-1189 EF453831 <1 Contig41631 9 2 Fibrobacteres TFG-1 84.1 Fibrobacter succinogenes M62685.1 
57 290cost002-P3L-2170 EF454461 <1     Fibrobacteres TFG-1 85.0 Fibrobacter intestinalis M62686.1 
58 290cost002-P3L-1613 EF454084 <1     Spirochaetes TTG-10 92.1 Treponema isolate strain SPIT5 AM182455.1 
59 290cost002-P3L-1300 EF453912 <1     Spirochaetes TTG-10 92.1 Treponema isolate strain SPIT5 AM182455.1 
60 290cost002-P3L-2057 EF454395 <1 Contig4242 5 Fibrobacteres TG3-1 79.7 Thermanaeromonas toyohensis AB062280.1 
60       Contig3094   Fibrobacteres TG3-1       
61 290cost002-P3L-2234 EF454503 <1     Firmicutes Lachnospiraceae 86.9 Clostridium sp. str. XB90 AJ229234.1 
62 290cost002-P3L-1869 EF454267 <1     Spirochaetes TSG-2 81.6 Treponema isolate strain I:W:T040 AF182832.1 
63 290cost002-P3L-1386 EF453968 <1     Spirochaetes TTG-7 88.4 Treponema primitia ZAS-2 AF093252.1 
64 290cost002-P3L-1393 EF453973 <1     Spirochaetes TTG-1 90.0 Spirochaeta (Treponema) caldaria M71240.1 
65 290cost002-P3L-1376 EF453961 <1     Fibrobacteres TG3-1 79.9 Thermanaeromonas toyohensis AB062280.1 
66 290cost002-P3L-1669 EF454124 <1     Fibrobacteres TG3-1 79.4 Thermanaeromonas toyohensis AB062280.1 
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67 290cost002-P3L-1178 EF453822 <1 Contig39436 2 Fibrobacteres TFG-1 84.1 Fibrobacter intestinalis M62687.1 
68 290cost002-P3L-1618 EF454088 <1     Spirochaetes TSG-2 81.7 "Spirochaeta bajacaliforniensis" M71239.1 
69 290cost002-P3L-1445 EF454015 <1     Spirochaetes TTG-1 90.2 Spirochaeta (Treponema) caldaria M71240.1 
70 290cost002-P3L-556 EF454868 <1     Spirochaetes TTG-1 90.3 Spirochaeta (Treponema) caldaria M71240.1 
71 290cost002-P3L-1377 EF453962 <1     Spirochaetes TTG-10 91.6 Treponema isolate strain SPIT5 AM182455.1 
72 290cost002-P3L-2083 EF454411 <1     Spirochaetes TTG-8 91.5 Treponema primitia ZAS-1 AF093251.1 
73 290cost002-P3L-1904 EF454293 <1     Spirochaetes TTG-10 92.1 Treponema isolate strain SPIT5 AM182455.1 
74 290cost002-P3L-1623 EF454093 <1 Contig18672 2 Spirochaetes TTG-10 90.9 Treponema primitia ZAS-2 AF093252.1 
75 290cost002-P3L-1405 EF453983 <1     Spirochaetes TTG-10 92.5 Treponema isolate strain SPIT5 AM182455.1 
76 290cost002-P3L-750 EF454953 <1     ZB3   79.6 Clostridium sp. str. PPf35E10 AY548785.1 
77 290cost002-P3L-1947 EF454317 <1     Bacteroidetes Bacteroidales 84.0 Paludibacter propionicigenes AB078842.2 
78 290cost002-P3L-2684 EF454785 <1     Bacteroidetes 
Bacteroidales, 
Marinilabiliaceae 85.1 Ruminofilibacter xylanolyticum str. S1 DQ141183.1 
79 290cost002-P3L-2433 EF454628 <1 Contig40689 2 Fibrobacteres TFG-1 84.6 Fibrobacter intestinalis M62686.1 
80 290cost002-P3L-1576 EF454057 <1 Contig41384 2 Fibrobacteres TFG-1 84.2 Fibrobacter intestinalis M62687.1 
81 290cost002-P3L-1210 EF453848 <1     Spirochaetes TTG-4 89.4 Spirochaeta (Treponema) caldaria M71240.1 
82 290cost002-P3L-1325 EF453927 <1     Spirochaetes TTG-1 89.8 Spirochaeta (Treponema) caldaria M71240.1 
83 290cost002-P3L-1395 EF453975 <1     Spirochaetes TTG-1 89.9 Spirochaeta (Treponema) caldaria M71240.1 
84 290cost002-P3L-1342 EF453938 <1     Spirochaetes TTG-5 90.5 Treponema azotonutricium ZAS-9 AF320287.1 
85 290cost002-P3L-2660 EF454768 <1     Spirochaetes TTG-1 90.3 Spirochaeta (Treponema) caldaria M71240.1 
86 290cost002-P3L-1607 EF454080 <1     Spirochaetes TTG-1 90.0 Spirochaeta (Treponema) caldaria M71240.1 
87 290cost002-P3L-1204 EF453844 <1     Spirochaetes TTG-10 92.5 Treponema azotonutricium ZAS-9 AF320287.1 
88 290cost002-P3L-1653 EF454112 <1     Spirochaetes TTG-10 91.8 Treponema isolate strain SPIT5 AM182455.1 
89 290cost002-P3L-1331 EF453930 <1     Spirochaetes TTG-10 91.7 Treponema isolate strain SPIT5 AM182455.1 
90 290cost002-P3L-1340 EF453937 <1     Spirochaetes TTG-10 92.7 Treponema isolate strain SPIT5 AM182455.1 
91 290cost002-P3L-1895 EF454285 <1     Spirochaetes TTG-10 92.6 Treponema isolate strain SPIT5 AM182455.1 
92 290cost002-P3L-1360 EF453949 <1     Fibrobacteres TG3-1 79.8 Thermanaeromonas toyohensis AB062280.1 
93 290cost002-P3L-1606 EF454079 <1     Fibrobacteres TG3-1 79.5 Thermanaeromonas toyohensis AB062280.1 
94 290cost002-P3L-2652 EF454762 <1     Fibrobacteres TG3-2 76.4 Brevibacillus isolate WF146 AY950801.1 
95 290cost002-P3L-1153 EF453801 <1     Acidobacteria Holophagales 86.6 Holophaga foetida X77215.1 
96 290cost002-P3L-2521 EF454677 <1     Acidobacteria   82.3 Acidobacteria str. Ellin345 CP000360.1 
97 290cost002-P3L-2379 EF454596 <1     Acidobacteria   82.5 Acidobacteriaceae str. Gsoil 149 AB245339.1 
98 290cost002-P3L-858 EF454982 <1     Acidobacteria   82.3 Acidobacteriaceae str. Gsoil 149 AB245339.1 
99 290cost002-P3L-603 EF454889 <1     Bacteroidetes Bacteroidales 83.3 Alistipes finegoldii AJ518874.1 
100 290cost002-P3L-2320 EF454557 <1     Bacteroidetes Bacteroidales 85.4 Paludibacter propionicigenes AB078842.2 
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101 290cost002-P3L-1182 EF453826 <1     Fibrobacteres TFG-1 84.4 Fibrobacter intestinalis M62686.1 
102 290cost002-P3L-2166 EF454459 <1     Fibrobacteres TFG-1 84.5 Fibrobacter intestinalis M62686.1 
103 290cost002-P3L-2390 EF454604 <1     Fibrobacteres TFG-1 84.1 Fibrobacter intestinalis M62687.1 
104 290cost002-P3L-969 EF455006 <1 Contig39720 10 10 Fibrobacteres TFG-1 84.5 Fibrobacter intestinalis M62687.1 
104       Contig40980   Fibrobacteres TFG-1       
104       Contig16110   Fibrobacteres TFG-1       
104       Contig20300   Fibrobacteres TFG-1       
105 290cost002-P3L-1224 EF453857 <1     Fibrobacteres TFG-1 84.0 Fibrobacter succinogenes M62685.1 
106 290cost002-P3L-1410 EF453987 <1     Proteobacteria 
Deltaproteobacteria, 
Desulfovibrionales, 
Desulfovibrionaceae 92.1 Desulfovibrio sp. str. LNB1 AY554145.1 
107 290cost002-P3L-2069 EF454402 <1     Proteobacteria 
Gammaproteobacteria, 
Pseudomonadaceae 100.0 Pseudomonas sp. str. DVS13A AY864637.1 
108 290cost002-P3L-1223 EF453856 <1     Spirochaetes TSG-2 81.3 Treponema isolate strain I:W:T040 AF182832.1 
109 290cost002-P3L-1614 EF454085 <1     Spirochaetes TTG-2 89.8 Spirochaeta (Treponema) caldaria M71240.1 
110 290cost002-P3L-1603 EF454077 <1     Spirochaetes TTG-1 90.2 Spirochaeta (Treponema) caldaria M71240.1 
111 290cost002-P3L-1681 EF454129 <1     Spirochaetes TTG-1 89.6 Spirochaeta (Treponema) caldaria M71240.1 
112 290cost002-P3L-1733 EF454163 <1     Spirochaetes TTG-4 89.2 Treponema isolate strain SPIT5 AM182455.1 
113 290cost002-P3L-1753 EF454177 <1     Spirochaetes TTG-1 90.2 Spirochaeta (Treponema) caldaria M71240.1 
114 290cost002-P3L-766 EF454959 <1     Spirochaetes TTG-7 88.8 Spirochaeta (Treponema) caldaria M71240.1 
115 290cost002-P3L-1791 EF454202 <1     Spirochaetes TTG-5 90.7 Treponema azotonutricium ZAS-9 AF320287.1 
116 290cost002-P3L-443 EF454814 <1     Spirochaetes TTG-6 90.5 Treponema isolate strain SPIT5 AM182455.1 
117 290cost002-P3L-1207 EF453845 <1     Spirochaetes TTG-1 90.4 Spirochaeta (Treponema) caldaria M71240.1 
118 290cost002-P3L-1272 EF453888 <1     Spirochaetes TTG-10 91.9 Treponema isolate strain SPIT5 AM182455.1 
119 290cost002-P3L-1458 EF454019 <1     Spirochaetes TTG-10 92.1 Treponema isolate strain SPIT5 AM182455.1 
120 290cost002-P3L-1586 EF454067 <1 Contig40676 2 Spirochaetes TTG-10 92.0 Treponema isolate strain SPIT5 AM182455.1 
121 290cost002-P3L-558 EF454869 <1     Spirochaetes TTG-10 92.4 Treponema isolate strain SPIT5 AM182455.1 
122 290cost002-P3L-1546 EF454034 <1     Spirochaetes TTG-10 92.0 Treponema isolate strain SPIT5 AM182455.1 
123 290cost002-P3L-1483 EF454024 <1     Spirochaetes TTG-8 92.0 Treponema isolate strain SPIT5 AM182455.1 
124 290cost002-P3L-636 EF454904 <1     Spirochaetes TTG-10 92.2 Treponema primitia ZAS-2 AF093252.1 
125 290cost002-P3L-2145 EF454444 <1     Spirochaetes TTG-10 93.1 Treponema isolate strain SPIT5 AM182455.1 
126 290cost002-P3L-1803 EF454213 <1     Spirochaetes TTG-10 91.6 Treponema azotonutricium ZAS-9 AF320287.1 
127 290cost002-P3L-1875 EF454273 <1     Spirochaetes TTG-10 91.3 Treponema azotonutricium ZAS-9 AF320287.1 
128 290cost002-P3L-2228 EF454497 <1     Spirochaetes TTG-10 91.9 Treponema isolate strain SPIT5 AM182455.1 
129 290cost002-P3L-2341 EF454571 <1     Fibrobacteres TG3-1 79.4 Thermanaeromonas toyohensis AB062280.1 
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130 290cost002-P3L-1175 EF453820 <1     Acidobacteria   82.1 Acidobacteriaceae str. Gsoil 149 AB245339.1 
131 290cost002-P3L-1241 EF453868 <1 Contig30608 2 Acidobacteria Holophagales 85.9 Holophaga foetida X77215.1 
132 290cost002-P3L-2407 EF454612 <1     Acidobacteria Holophagales 85.6 Holophaga foetida X77215.1 
133 290cost002-P3L-693 EF454928 <1     Acidobacteria   82.6 Acidobacteriaceae str. Gsoil 149 AB245339.1 
134 290cost002-P3L-685 EF454925 <1     Aminanaerobia TG5 84.3 Dethiosulfovibrio russensis AF234544.1 
135 290cost002-P3L-1187 EF453830 <1     Bacteroidetes Bacteroidales 84.4 Paludibacter propionicigenes AB078842.2 
136 290cost002-P3L-1305 EF453914 <1     Bacteroidetes Bacteroidales 84.1 Paludibacter propionicigenes AB078842.2 
137 290cost002-P3L-1802 EF454212 <1     Bacteroidetes Bacteroidales 84.7 Alistipes finegoldii AJ518874.1 
138 290cost002-P3L-1961 EF454327 <1     Bacteroidetes Bacteroidales 83.4 Ruminobacillus xylanolyticum str. G1 DQ178248.1 
139 290cost002-P3L-2080 EF454409 <1     Bacteroidetes Bacteroidales 84.9 Alistipes finegoldii AJ518874.1 
140 290cost002-P3L-2184 EF454472 <1     Bacteroidetes Bacteroidales 84.7 Alistipes finegoldii AJ518874.1 
141 290cost002-P3L-2216 EF454492 <1     Bacteroidetes Bacteroidales 82.8 Bacteroides str. 22C AY554420.1 
142 290cost002-P3L-2517 EF454675 <1     Chlorobi   78.3 Desulfobacteraceae str. MSL86 AB110542.2 
143 290cost002-P3L-1309 EF453917 <1     Cyanobacteria   91.7 Rumen isolate str. YS2 AF544207.1 
144 290cost002-P3L-1371 EF453956 <1     Cyanobacteria   89.9 Rumen isolate str. YS2 AF544207.1 
145 290cost002-P3L-421 EF454802 <1     Deferribacteres   86.4 Geovibrio str. Lincoln Park 3 AF157057.1 
146 290cost002-P3L-2571 EF454709 <1     Endomicrobia   79.4 Acidobacteriaceae str. Gsoil 149 AB245339.1 
147 290cost002-P3L-1177 EF453821 <1     Fibrobacteres TFG-1 84.4 Fibrobacter intestinalis M62687.1 
148 290cost002-P3L-1894 EF454284 <1     Fibrobacteres TFG-1 84.7 Fibrobacter intestinalis M62686.1 
149 290cost002-P3L-2095 EF454418 <1 Contig41368 2 Fibrobacteres TFG-1 84.4 Fibrobacter isolate L35547.1 
150 290cost002-P3L-2239 EF454506 <1     Fibrobacteres TFG-1 84.3 Fibrobacter intestinalis M62687.1 
151 290cost002-P3L-1289 EF453901 <1     Firmicutes Acidaminococcaceae 87.9 Dehalobacter sp. E2 AY673991.1 
152 290cost002-P3L-1430 EF454003 <1     Firmicutes Lachnospiraceae 89.2 Eubacterium siraeum L34625.1 
153 290cost002-P3L-1599 EF454073 <1     Firmicutes Lachnospiraceae 90.9 Sporobacter termitidis Z49863.1 
154 290cost002-P3L-1640 EF454103 <1     Firmicutes Catabacteraceae 82.8 Clostridium sp. str. FCB90-3 AJ229251.1 
155 290cost002-P3L-1650 EF454110 <1     Firmicutes Catabacteraceae 82.6 Sedimentibacter sp. D7 AY766467.1 
156 290cost002-P3L-1924 EF454305 <1     Firmicutes Peptostreptococcaceae 92.1 Anaerovorax odorimutans str. NorPut AJ251215.1 
157 290cost002-P3L-2244 EF454508 <1     Firmicutes Lachnospiraceae 91.8 Sporobacter termitidis Z49863.1 
158 290cost002-P3L-2299 EF454544 <1     Firmicutes Lachnospiraceae 83.8 
Ethanologenbacterium harbinense str. 
X-29 AY833421.1 
159 290cost002-P3L-2304 EF454547 <1     Firmicutes Acidaminococcaceae 87.6 Sporomusa rhizae str. RS AM158322.1 
160 290cost002-P3L-2413 EF454616 <1     Firmicutes Lachnospiraceae 90.0 Eubacterium siraeum L34625.1 
161 290cost002-P3L-2450 EF454637 <1     Firmicutes Catabacteraceae 82.9 Sedimentibacter sp. D7 AY766467.1 
162 290cost002-P3L-2602 EF454727 <1     Firmicutes 
Lactobacillales, 
Enterococcaceae 92.9 
Enterococcus malodoratus str. 
ATCC43197 AF061012.1 
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163 290cost002-P3L-2633 EF454749 <1     Firmicutes 
Lactobacillales, 
Enterococcaceae 92.8 Enterococcus avium AF061008.1 
164 290cost002-P3L-446 EF454815 <1     Firmicutes Lachnospiraceae 87.6 
Clostridium scindens str. JCM 10420 M-
18 AB020729.1 
165 290cost002-P3L-568 EF454875 <1     Firmicutes Lachnospiraceae 83.9 Acetanaerobacterium elongatum str. Z1 AY518589.1 
166 290cost002-P3L-2033 EF454380 <1     Proteobacteria Deltaproteobacteria 83.4 Sulfate-reducing bacterium str. Hxd3 Y17698.1 
167 290cost002-P3L-2608 EF454731 <1     Proteobacteria 
Deltaproteobacteria, 
Desulfovibrionales 95.1 Oxalobacter formigenes str. OXC U49755.1 
168 290cost002-P3L-532 EF454852 <1     Proteobacteria 
Deltaproteobacteria, 
Desulfovibrionales, 
Desulfovibrionaceae 90.7 Desulfovibrio sp. str. LNB2 AY554146.1 
169 290cost002-P3L-618 EF454896 <1     Proteobacteria 
Deltaproteobacteria, 
Desulfovibrionales, 
Desulfovibrionaceae 92.1 Bilophila wadsworthia str. NB-12 AB117562.1 
170 290cost002-P3L-430 EF454808 <1     Spirochaetes T. primitia group 91.2 Treponema primitia ZAS-2 AF093252.1 
171 290cost002-P3L-657 EF454914 <1     Spirochaetes TLG-1 83.2 Leptospira inadai Z21634.1 
172 290cost002-P3L-632 EF454901 <1     Spirochaetes TSG-1 85.5 "Spirochaeta bajacaliforniensis" M71239.1 
173 290cost002-P3L-1129 EF453791 <1     Spirochaetes TTG-1 89.8 Spirochaeta (Treponema) caldaria M71240.1 
174 290cost002-P3L-1231 EF453862 <1 Contig41516 7 Spirochaetes TTG-7 88.8 Treponema primitia ZAS-2 AF093252.1 
174       Contig38802   Spirochaetes TTG-7       
174       Contig11194   Spirochaetes TTG-7       
175 290cost002-P3L-1239 EF453867 <1     Spirochaetes TTG-5 90.9 Treponema azotonutricium ZAS-9 AF320287.1 
176 290cost002-P3L-1301 EF453913 <1     Spirochaetes TTG-4 89.4 Treponema isolate strain SPIT5 AM182455.1 
177 290cost002-P3L-1392 EF453972 <1     Spirochaetes TTG-5 90.7 Treponema azotonutricium ZAS-9 AF320287.1 
178 290cost002-P3L-1422 EF453997 <1     Spirochaetes TTG-6 90.7 Spirochaeta (Treponema) caldaria M71240.1 
179 290cost002-P3L-1667 EF454122 <1     Spirochaetes TTG-1 89.4 Spirochaeta (Treponema) caldaria M71240.1 
180 290cost002-P3L-1703 EF454143 <1     Spirochaetes TTG-4 88.5 Spirochaeta (Treponema) caldaria M71240.1 
181 290cost002-P3L-1728 EF454159 <1     Spirochaetes TTG-2 89.6 Treponema primitia ZAS-1 AF093251.1 
182 290cost002-P3L-1731 EF454161 <1     Spirochaetes TTG-1 89.0 Spirochaeta (Treponema) caldaria M71240.1 
183 290cost002-P3L-1794 EF454205 <1     Spirochaetes TTG-1 89.8 Spirochaeta (Treponema) caldaria M71240.1 
184 290cost002-P3L-1823 EF454228 <1 Contig25203 2 Spirochaetes TTG-7 88.3 Spirochaeta (Treponema) caldaria M71240.1 
185 290cost002-P3L-1859 EF454259 <1 Contig41088 2 Spirochaetes TTG-7 88.1 Treponema azotonutricium ZAS-9 AF320287.1 
186 290cost002-P3L-1879 EF454277 <1     Spirochaetes TTG-2 89.0 Spirochaeta (Treponema) caldaria M71240.1 
187 290cost002-P3L-2106 EF454423 <1     Spirochaetes TTG-5 89.6 Spirochaeta (Treponema) caldaria M71240.1 
188 290cost002-P3L-2386 EF454600 <1 Contig41269 10 Spirochaetes TTG-7 88.4 Spirochaeta (Treponema) caldaria M71240.1 
188       Contig35356   Spirochaetes TTG-7       
188       Contig8763   Spirochaetes TTG-7       
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SUPPLEMENTARY ONLINE MATERIALS  Warnecke et al: Page 36 
 
PCR library   Metagenome 
   Closest cultivated species / isolate  
OTU1 OTU rep.2 Acc. #3 %4 
 
%5 Phylum Phylog. group6 %7 Name Acc. #8 
188       Contig132   Spirochaetes TTG-7       
189 290cost002-P3L-2594 EF454723 <1     Spirochaetes TTG-2 89.0 Spirochaeta (Treponema) caldaria M71240.1 
190 290cost002-P3L-418 EF454799 <1     Spirochaetes TTG-7 88.0 Spirochaeta (Treponema) caldaria M71240.1 
191 290cost002-P3L-599 EF454887 <1     Spirochaetes TTG-7 88.5 Treponema primitia ZAS-2 AF093252.1 
192 290cost002-P3L-742 EF454947 <1     Spirochaetes TTG-2 89.8 Spirochaeta (Treponema) caldaria M71240.1 
193 290cost002-P3L-746 EF454951 <1     Spirochaetes TTG-7 88.6 Treponema azotonutricium ZAS-9 AF320287.1 
194 290cost002-P3L-899 EF454989 <1     Spirochaetes TTG-5 90.1 Treponema azotonutricium ZAS-9 AF320287.1 
195 290cost002-P3L-1157 EF453804 <1     Spirochaetes TTG-9 92.9 Treponema primitia ZAS-2 AF093252.1 
196 290cost002-P3L-1258 EF453880 <1     Spirochaetes TTG-9 91.9 Treponema primitia ZAS-2 AF093252.1 
197 290cost002-P3L-1293 EF453905 <1     Spirochaetes TTG-9 91.3 Treponema primitia ZAS-2 AF093252.1 
198 290cost002-P3L-1645 EF454106 <1     Spirochaetes TTG-9 92.6 Treponema primitia ZAS-2 AF093252.1 
199 290cost002-P3L-535 EF454854 <1     Spirochaetes TTG-9 92.6 Treponema primitia ZAS-2 AF093252.1 
200 290cost002-P3L-1160 EF453807 <1     Spirochaetes TTG-10 91.8 Treponema isolate strain SPIT5 AM182455.1 
201 290cost002-P3L-1171 EF453817 <1     Spirochaetes TTG-10 92.3 Treponema primitia ZAS-2 AF093252.1 
202 290cost002-P3L-1214 EF453850 <1     Spirochaetes TTG-10 91.9 Treponema isolate strain SPIT5 AM182455.1 
203 290cost002-P3L-1591 EF454071 <1     Spirochaetes TTG-10 92.5 Treponema primitia ZAS-1 AF093251.1 
204 290cost002-P3L-1598 EF454072 <1     Spirochaetes TTG-10 91.4 Treponema isolate strain SPIT5 AM182455.1 
205 290cost002-P3L-1656 EF454114 <1     Spirochaetes TTG-10 92.1 Treponema isolate strain SPIT5 AM182455.1 
206 290cost002-P3L-1688 EF454133 <1     Spirochaetes TTG-10 91.8 Spirochaeta (Treponema) caldaria M71240.1 
207 290cost002-P3L-1708 EF454146 <1     Spirochaetes TTG-10 92.4 Treponema isolate strain SPIT5 AM182455.1 
208 290cost002-P3L-1874 EF454272 <1     Spirochaetes TTG-10 91.8 Treponema primitia ZAS-2 AF093252.1 
209 290cost002-P3L-505 EF454845 <1     Spirochaetes TTG-10 92.5 Treponema isolate strain SPIT5 AM182455.1 
210 290cost002-P3L-559 EF454870 <1     Spirochaetes TTG-10 91.5 Treponema isolate strain SPIT5 AM182455.1 
211 290cost002-P3L-660 EF454916 <1     Spirochaetes TTG-10 92.0 Treponema isolate strain SPIT5 AM182455.1 
212 290cost002-P3L-738 EF454945 <1     Spirochaetes TTG-10 91.6 Treponema isolate strain SPIT5 AM182455.1 
213 290cost002-P3L-762 EF454956 <1     Spirochaetes TTG-10 91.8 Treponema primitia ZAS-2 AF093252.1 
214 290cost002-P3L-2049 EF454390 <1     Fibrobacteres TG3-1 79.3 Thermanaeromonas toyohensis AB062280.1 
215 290cost002-P3L-2381 EF454598 <1     Fibrobacteres TG3-1 79.7 Thermanaeromonas toyohensis AB062280.1 
216 290cost002-P3L-2679 EF454781 <1     ZB3   78.7 Clostridium sp. str. JC3 AB093546.1 
        Contig5625 2 Proteobacteria 
Alphaproteobacteria, 
Oleomonas 77.3 Petrobacter sp. DM-3 DQ539621.1 
        BHZN43990 2 Bacteroidetes Bacteroidales 93.1 Bacillus strain NIH L11886.1 




Desulfovibrio vulgaris str. 
Hildenborough AE017285.1 
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PCR library   Metagenome 
   Closest cultivated species / isolate  
OTU1 OTU rep.2 Acc. #3 %4 
 
%5 Phylum Phylog. group6 %7 Name Acc. #8 
        Contig18107 2 Acidobacteria Holophagales 83.9 Holophaga foetida X77215.1 
        Contig40113 2 Spirochaetes TTG-7 91.0 Treponema azotonutricium ZAS-9 AF320287.1 
        Contig2434 2 Spirochaetes TTG-7 83.1 Spirochaeta xylanolyticus AY735097.1 
1
 OTUs were defined at 99% sequence identity; 
2
 OTU representative; 
3
 Genbank accession number for OTU representative; 
4
 Percentage in PCR library; 
5
 
Percentage in metagenome; 
6
 phylogenetic group as depicted in Fig. 1b; 
7
 percent sequence identity with closest cultivated species; 
8
 Genbank accession number; 
9
 fosmid Contig88; 
10
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Fig. S1. Phylogenetic identification of termite host species 290cost002. The
sequence of the mitochondrial cytochrome oxidase II (COII) gene was determined and
aligned to all available Isoptera sequences, only species of the higher termite
(Termitidae) genera Nasutitermes and Microcerotermes are shown. A, DNA
nucleotide-based dendrogram using 661 unambigously aligned and filtered positions.
B, DNA sequence was translated into amino acid sequence and a dendrogram was
constructed using 228 unambiguously aligned and filtered positions. The trees were
calculated using TREE-PUZZLE (Schmidt et al. 2002). Branching pattern confidence is
visualised as follows: no circle, >50%; open circle, >70%; filled circle, >90%. The
slightly contradictory tree topologies based on nucleotide and amino acid sequences is
due to a large number of silent mutations in this gene. The collected specimens were
most closely related to N. ephratae (by nt comparison, A) and N. corniger (by aa
comparison, B) and we therefore only assign our specimens to Nasutitermes sp. in lieu
of a comprehensive analysis of multiple collections of this and other closely related
Nasutitermes throughout the region.
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Fig. S2. Accumulation curves of 16S rRNA genes obtained from the P3 luminal
microbiota . Accumulation curves were constructed by plotting the number of unique
Operational taxonomic units (OTUs) at 99% sequence identity found in a given number of
clones versus the number of clones (averaged over a 1000 random permutations of the
initial clone order). For comparison, besides an accumulation curve for the total number of
OTUs, accumulation curves for the Spirochaetes related OTUs and the Fibrobacteres
including TG3-related OTUs are shown, too. For the the total OTU accumulation curve,
neither the exponential nor the two parameter hyperbola models offered good fits, so they
were dropped.  The non-parametric estimates for this data set produced more meaningful
estimates of the total diversity (Table S1). Based on this estimates, 71 to 84% of the total
OTU diversity has been sequenced.
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termite gut clone NL1, U40791.1
termite gut homogenate clone M1NP2-94, AB191968.1
termite gut homogenate clone M1NP1-77, AB191853.1
termite gut homogenate clone M1NP2-44, AB191901.1
termite gut clone , AB191821.1
termite gut homogenate clone M1NP1-53, AB191910.1
termite gut homogenate clone M2PT2-26, AB191883.1
termite gut homogenate clone M2PT2-78, AB191939.1
termite gut homogenate clone M1PT4-11, AB191954.1
termite gut homogenate clone M1PL1-76, AB191929.1
termite gut homogenate clone M2PT2-87, AB191796.1
termite gut wall clone, AB231063.1
termite gut homogenate clone BCf4-14, AB062823.1




























































Microcerotermes gut clones, AB243268.1
termite gut homogenate clone Tc-25, AB189683.1
Treponema primitia ZAS-1, AF093251.1
Treponema primitia ZAS-2, AF093252.1
termite gut homogenate clone RsTz-25, AB192140.1
Reticulitermes flavipes gut clone, DQ009704.2
termite gut homogenate clone RFS82, AF068427.1
termite gut clone NkS94, AB084971.1
Microcerotermes gut clones, AB243270.1
Spirochaeta sp, AJ419822.1
termite gut wall clone RsW01-034, AB198469.1
termite gut homogenate clone BCf5-23, AB062829.1
termite gut homogenate clone Rs-J42 sp., AB088875.1
termite gut homogenate clone RsTu1-69, AB192195.1
Treponema azotonutricium ZAS-9, AF320287.1
termite hindgut clone mpsp15, X89051.1
Mixotricha paradoxa clone, AJ458944.1
termite hindgut clone mpsp16, X89052.1
Treponema str. SPIT5, AM182455.1
Spirochaeta (Treponema) caldaria, M71240.1
T. pallidum & amino acid fermentors
T. bryantii & saccharolytic strains
Spirochaeta str. Grapes, AF357917.2
Spirochaeta coccoides SPN1, AJ698092.1
Spirochaeta bajacaliforniensis, M71239.1
Spirochaeta aurantia, AY599019.1
termite gut clone, AB191844.1








termite gut homogenate clone M1PT4-10, AB191983.1
termite gut homogenate clone Rs-H88, AB089124.1



















Fig. S3. Phylogenetic diversity of P3
luminal microbiota within the phylum
Spirochaetes. From a PCR-based
inventory and from the metagenome
libraries 1703 and 14 near-full length 16S
rRNA gene sequences, respectively, were
used in a Maximum Likelihood analysis
(RAxML). The Phylogram was constructed
using 1289 unambiguously aligned and
filtered nucleotide positions. Genbank






Fibrobacter succinogenes OS119, AB275501.1
Fibrobacter succinogenes RS216, AB275507.1
Fibrobacter succinogenes OS112, AB275498.1
Fibrobacter succinogenes OS102, AB275496.1
Fibrobacter succinogenes RS224, AB275510.1
Fibrobacter succinogenes RS235, AB275514.1
Fibrobacter succinogenes OS128, AB275503.1
Fibrobacter succinogenes OS103, AB275497.1
Fibrobacter succinogenes AS225, AB275493.1
Fibrobacter succinogenes S85 ATCC 1916, AJ496032.1
Fibrobacter succinogenes, M62685.1









termite gut homogenate clone M1NP1-43, AB192086.1
termite gut homogenate clone M1PT4-60, AB192097.1
termite gut clone, AB192088.1
termite gut homogenate clone M1NP2-42, AB192087.1
Microcerotermes gut clone, AB243279.1
termite gut homogenate clone M2PT2-81, AB192095.1
termite gut homogenate clone M1PT4-02, AB192084.1
Microcerotermes gut clone, AB248830.1
termite gut homogenate clone M1NP1-73, AB192079.1
Microcerotermes gut clone, AB243276.1
termite gut homogenate clone M1NP2-17, AB192080.1
termite gut homogenate clone M1PT4-84, AB192081.1
Microcerotermes gut clone, AB248829.1
Microcerotermes gut clone, AB243277.1
termite gut homogenate clone M2PT2-74, AB192092.1
termite gut homogenate clone M2PT2-66, AB192094.1
termite gut homogenate clone M2PT2-85, AB192090.1
termite gut homogenate clone M1PT4-22, AB192089.1
termite gut homogenate clone M1PT4-12, AB192076.1
termite gut homogenate clone M2PB4-47, AB192074.1
Microcerotermes gut clone, AB243278.1
termite gut homogenate clone M2PT2-01, AB192077.2
termite gut homogenate clone M1PT4-23, AB192108.1
termite gut homogenate clone M1PL1-46, AB192101.1
termite gut homogenate clone M1PT4-09, AB192098.2
termite gut homogenate clone M1NP1-24, AB192099.1
termite gut clone, AB192102.1
termite gut clone, AB248828.1
termite gut homogenate clone M1PL1-67, AB192106.2
Microcerotermes gut clone, AB243294.1
termite gut homogenate clone M2PB4-44, AB192107.1
Guerrero Negro microbial mat clone, DQ329627.1
Guerrero Negro mat microbial clone, DQ329620.1
peat bog clone B122, AM162455.1























































termite gut clone, AB192111.2
Microcerotermes gut clone, AB243293.1
Macrotermes gilvus gut clone MgMjD-057 , AB234545.2
termite gut homogenate clone M2PB4-14, AB192109.1
termite gut homogenate clone M1PT4-30, AB192110.1
Riftia pachyptila’s tube clone R76-B150, AF449262.1
0.10
Fibrobacter
Fig. S4. Phylogenetic diversity of
P3 luminal microbiota within the
phylum Fibrobacteres. From a
PCR-based inventory and from the
metagenome libraries 1703 and 14
near-full length 16S rRNA gene
sequences, respectively, were used
in a Maximum Likelihood analysis
(RaxML). The Phylogram was
constructed using 1289 unambi-
guously aligned and filtered
nucleotide positions. Genbank
accession numbers are given. Bar,
10% estimated sequence diver-
gence.
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Nasutitermes clone Nt2-095, AB255910
290cost002-P3L-1187 
69




Macrotermes clone MgMjD-069, AB234417
Alistipes massiliensis; , AY547271
Bacteroides putredinis , L16497
Rikenella microfusus , L16498
290cost002-P3L-1253 
290cost002-P3L-2684 
Microcerotermes clone M1NP1-14, AB191984
Microcerotermes clone M2PB4-50, AB191986
Macrotermes clone MgMjD-011, AB234393
290cost002-P3L-2216 
Microcerotermes clone M2PB4a-005, AB243253
Macrotermes clone MgMjR-050, AB234433
290cost002-P3L-1961 
Reticulitermes clone RPK-31, AB192262
Reticulitermes clone RsTz-26, AB192164




Cubitermes clone COB P3-5, AY160852
Cubitermes clone COB P5-29, AY160853
Alkaliflexus imshenetskii , AJ784993
Ruminofilibacter xylanolyticum , DQ141183
Anaerophaga thermohalophila , AJ418048
Marinilabilia salmonicolor , D12672
Bacteroides acidofaciens,  AB021157
Bacteroides vulgatus, AB050111
Bacteroides fragilis , M61006
78
Bacteroides stercoris, X83953
Aquatic clone ML602M-17, AF449781
Sediment clone Y4, AB116461
Sediment clone KM93, AY216441







Nasutitermes clone Nt2-060, AB255906
90
Macrotermes clone MgMjD-040, AB234373
Microcerotermes clone M1PT4-06, AB192004
Reticulitermes clone RsTu1-27, AB192207
Reticulitermes clone Rs-E47, AB088921
Reticulitermes clone Rs-D44, AB088930
Cow rumen clone GRC99, DQ673564
Reticulitermes clone RsaHf415, AY571426
Pachnoda ephippiata larval clone PeH22, AJ576339
Cubitermes clone COB P4-1, AY160848
Nasutitermes clone Nt2-110, AB255911
290cost002-P3L-603 
Nasutitermes clone Nt2-146, AB255913
Chlorobium limicola , M31769
Chlorobium vibrioforme , Y10649
Chlorobium ferrooxidans , Y18253







































Fig. S5. 16S rRNA Phylogeny of Bacteroidetes-associated Nasutitermes gut clones.  99% OTU
representatives of 16S rRNA sequencces amplified from Nasutitermes P3 lumen fluid are marked in red.  Tree-
Puzzle Maximum likelihood analysis was based on 844 unambiguously aligned nucleotides, HKY method for
substitution across sites with uniform rate change. The Tree-Puzzle support values shown above nodes represent
5,000 puzzling steps.
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Hot Springs clone SM2A12, AF445709
Hot Springs clone SM2F06, AF445728
Denitrifying bioreactor clone DB-97, DQ836764
Biofilter clone BIfdi48, AJ318130
Microcerotermes clone M1NP2-68, AB192129
Reticulitermes clone RsTu1-32, AB192241
290cost002-P3L-2517
Rhizosphere clone RB205, AB240316
Thermophilic sludge clone TA55 Ba 21, AY297971
Hot Spring clone OPB56, AF027009
Freshwater clone LiUU-9-330, AY509521
Sludge clone A12b, AF234699
Rhizosphere clone RB029, AB240289
Arid soil clone 0319-6E22, AF234130
Soil clone S1220, AF507716
Hot Spring clone SM1A03, AF445646
Hot Spring clone SM1B09, AF445657
Uranium mine waste clone JG30a-KF-39, AJ536877
Chlorobium limicola , M31769
Chlorobium vibrioforme , Y10649
Chlorobium ferrooxidans , Y18253
Chloroherpeton thalassium , AF170103
Hot Spring clone SM1C06, AF445663
Hot Spring clone SM1B03, AF445653
Sediment clone K-273, AJ428452
Flooded soil clone BSV40, AJ229196
Hot Spring clone PK74, AY555793
Hot Spring clone PK329, AY555805
Rice paddy clone BSV26, AJ229188
Ruminofilibacter xylanolyticum , DQ141183
Cytophaga fermentans , M58766
Bacteroides fragilis , M61006


























Fig. S6. Phylogeny of a Chlorobi-associated Nasutitermes gut clone. 16S rRNA sequences amplified from
Nasutitermes P3 lumen fluid are marked in red. Tree-Puzzle Maximum likelihood analysis was based on 1028
unambiguously aligned nucleotides, HKY method for substitution across sites with uniform rate change. The Tree-
Puzzle support values shown above nodes represent 10,000 puzzling steps.

















Lake Washington sediment clone pLW-58, DQ066996
99
Holophaga foetida, X77215
Acidobacteria mats chemoautotrophic cave clone ss_LKC22_UA66, AM180887
74
termite host gut homogenate clone M1PL1-36, AB192122













termite gut homogenate clone M1PT4-70, AB192123
76
fungus-growing termite Macrotermes gilvus gut homogenate clone MgMjD-009,  AB234549
99
host hindgut caecum clone Aci 1, AY222310
subsurface soil beneath grassland clone 5g10, AY177760
70




deep-sea octacoral clone ctg CGOF354, DQ395842
62
soil isolate Ellin310, AF498692
soil isolate Ellin5058, AY234475
La Andina Chile Piuquenes copper mine tailings Acidobacteriaceae bacterium CH1, DQ355184
fushan forest soils Taiwan clone FAC86, DQ451525
termite gut homogenate clone RsTu1-92, AB192240
95
87
Edaphobacter modestum str. Jbg-1, DQ528760
termite gut clone TAA166, AY587230
98
Edaphobacter modestum str. Wbg-1, DQ528761
77
termite gut homogenate clone Rs-M39 bacterium, AB089126
91
termite gut clone TAA48, AY587229




Acidobacteria bacterium Ellin345, CP000360
99
Solibacter usitatus str. Ellin6076, NZ AAIA01000029
soil isolate Ellin342, AF498724
100







Treponema primitia str. ZAS-2, AF093252
91
Clostridium aceticum str. DSM 1496, Y18183
Moorella thermoacetica str. DSM 521, AY656675
93
Escherichia coli  K12, NC 000913








Fig. S7. Phylogeny of 16s rRNA sequences affiliating with the phylum Acidobacteria
recovered from Nasutitermes P3 lumen contents. Tree-Puzzle Maximum likelihood analysis
of metagenome sequences identified in the present study (highlighted in red) was based on
1044 unambiguously aligned nucleotides. Sequences marked with (*) are partial gene fragments
and were added later to the tree by parsimony methods. 16s rRNA sequences from phyla
Spirochaetes, Firmicutes, and Proteobacteria were  used to outgroup the  unrooted tree. The
Tree-Puzzle support values shown above nodes represent confidence values from a 10,000
puzzling step analysis of the dataset.  Bar represents evolutionary distance given as 0.1
changes per nucleotide position.
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0.1
Anabaena circinalis str. 86, AJ133151.1
Anabaena planctonica NIES-810 str. NIES 810 NIES-8, AB093488.1
92
Nostoc ellipsosporum str. V, AJ630450.1
Trichormus variabilis str. KCTC AG10026, DQ234830.1
55
Cylindrospermopsis raciborskii str. 23B, AF516731.1
56
Chlorogloeopsis sp. str. PCC 6718, AF132777.1
Oscillatoria princeps str. NIVA CYA 150, AB045961.1
Trichodesmium hildebrandtii str. puff, AF091322.1
64
Prochlorothrix hollandica, AJ007907.1
Synechococcus sp. str. C1, AF132772.1
68
Synechocystis sp. clone 36P1, AY845229.1
Spirulina subsalsa str. AB2002/06, AY575934.1
89
Gloeobacter violaceus str. PCC 7421, AF132790.1
74
Euglena gracilis str. Z, NC 001603.2
Mantoniella squamata str. CCAP 1965/1, X90641.1
81
Chlamydomonas reinhardii -- chloroplast, X03269.1
100
99
human transverse colon biopsy clone M019, AY916143.1
rumen clone 4C0d-2, AB034016.1
50
rat feces clone rc5-46, AY239440.1
57





termite gut homogenate clone Rs-H34, AB089123.1
97
84
mouse cecum clone C23 g15, AY992501.1
84
deep-sea mud volcano clone Napoli-3B-41; BC07-3B-4, AY592714.1
microbial structure rhizosphere biofilm Sapporo ro, AB240501.1
90
freshwater clone PRD01a012B, AF289160.1
80
59
cyanobacterium clone SM1D11, AF445677.1
silica sinter depositing geothermal power station , AY222299.1
94
55
deep marine sediment clone MB-B2-105, AY093470.1




farm soil adjacent to silage storage bunker clone , AY921818.1
napthalene-contaminated soil clone 30, AY853673.1
68
water 10 m downstream manure clone 254ds10, AY212703.1
88
82
Fig. S8. 16S rRNA phylogeny of termite gut clones recovered from Nasutitermes P3 lumen fluid affiliating
with the phylum Cyanobacteria. Termite metagenome sequences are highlighted in red. Tree-Puzzle Maximum
likelihood analysis was based on 958 unambiguously aligned nucleotides, HKY method for substitution across
sites with uniform rate change. Firmicutes sequences (not shown) were used to outgroup this tree. The Tree-
Puzzle support values shown above nodes represent 10,000 puzzling steps.
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Fig. S9. 16S rRNA phylogeny of termite gut clones recovered from Nasutitermes P3 lumen fluid
affiliating with the phylum Firmicutes.  Termite metagenome sequences are highlighted in red. Tree-
Puzzle Maximum likelihood analysis was based on 875 unambiguously aligned nucleotides, HKY method
for substitution across sites with uniform rate change. Cyanobacteria sequences (not shown) were used to
outgroup Firmicutes. The Tree-Puzzle support values shown above nodes represent 1,000 puzzling steps.
0.1
Clostridium leptum str. 10900, AF262239.1
Dorea longicatena str. III-35, AJ132842.1
66
adult human fecal matter clone adhufec236, AF132250.1
65
Clostridium jejuense str. HY-35-12T, AY494606.1




chicken ileum/cecum clone cc124, DQ057368.1
Coprococcus catus, AB038359.1
human sigmoid colon biopsy clone NW71, AY916309.1
rabbit caecum clone 950, AJ863530.1





rat feces clone rc2-27, AY239426.1
50
Catonella morbi, X87151.1





termite gut clone RsaP112, AY571392.1
termite gut homogenate clone BCf10-10, AB062805.189





"Metabacterium polyspora” , U22332.1
93




alkaline-enriched termite gut homogenate clone Pl-, AB189709.1
Enterococcus malodoratus str. ATCC43197, AF061012.1
92
Enterococcus sp. RfL6, AJ133478.1
Enterococcus termitis str. LMG 8895, AM039968.1
75
alkaline-enriched termite gut homogenate clone Mc-, AB189703.1
Enterococcus gallinarum str. NCFB 2314, Y18160.1
64
Hindgut  homogenate Pachnoda ephippiata larva clone, AJ576347.1




termite gut clone RsaHf388, AY571409.1
82
Clostridium acetobutylicum, U16147.1







termite gut homogenate clone Tc-13, AB189679.1
termite gut homogenate clone M2PB4-66, AB192035.1
73
Papillibacter cinnamivorans, AF167711.1
termite gut homogenate clone Tc-70, AB189700.1
89
chicken ileum/cecum clone cc184, DQ057382.1
human stool clone C352, AY916334.169
rumen clone F24-B10, AB185589.1
Sporobacter termitidis, Z49863.1
termite intestinal tract clone COB P1-19, AY160805.1
termite gut homogenate clone RPK-59, AB192279.1
62
Eubacterium siraeum, L34625.1
human ascending colon mucosal biopsy clone LW25, AY976205.1
99
termite gut homogenate clone Rs-H18 bacterium, AB088966.2
76
290cost002-P3L-1430







termite intestinal tract clone COB P5-10, AY160797.1
termite gut homogenate clone Tc-12, AB189678.1
83
69
human cecum biopsy clone LD25, AY916202.1
rumen clone F24-H03, AB185647.1
88
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 Fig. S10. Phylogenetic analysis of the
glycoside hydrolase family 5 (GH5)
diversity encoded by the termite gut P3
microbiota. GH5 sequences from the
termite gut metagenome are colored in
red, the soil metagenome in orange,
human biome in cyan, and from various
other sources in black. (Meta)genomic
and additional public sequences are
identified by their JGI Gene Object
Identifier and GenBank GI number,
respectively. Full-length subclone
sequences recovered by database
mining, activity screening, or hybridization
(as indicated) are identified by their
GenBank accession code. Subclones
colored in green are active on phosphoric
acid swollen cellulose (PASC), and
subclones colored in magenta are inactive
on PASC. The Pfam PF00150 (Cellulase
– glycosyl hydrolase family 5) has a
length of 380 residues, comprising
domain sequences with an average
length of 245 amino acids and 17%
sequence identity. Analysis is based on a
masked alignment of residues
corresponding to the residues 57 to 346




Fig. S11. Phylogenetic analysis of the glycoside hydrolase family 9 (GH9) diversity encoded by the termite gut
microbiota. GH9 sequences from the termite gut metagenome are colored in red, the soil metagenome in orange,
and from various other sources in black. (Meta)genomic and additional public sequences are identified by their JGI
Gene Object Identifier and GenBank GI number, respectively. Full-length subclone sequences recovered by database
mining, activity screening, or hybridization (as indicated) are identified by their GenBank accession code. Subclones
colored in green are active on phosphoric acid swollen cellulose (PASC), and subclones colored in magenta are
inactive on PASC. The Pfam PF00759 (Glyco_hydro_9 – glycosyl hydrolase family 9) has a length of 510 residues,
comprising domain sequences with an average length of 373 amino acids and 34% sequence identity. Analysis is
based on a masked alignment of residues corresponding to positions 286 to 721 of the non-cellulosomal enzyme
EngO from Clostridium cellulovorans (Genbank accession 49425363).




Fig. S12. Phylogenetic analysis
of the glycoside hydrolase
family 10 (GH10) diversity
encoded by the termite gut
microbiota. GH10 xylanases
from the termite gut metagenome
are colored in red, the human gut
microbiome in blue, the soil
metagenome in orange, and from
various other sources in black.
(Meta)genomic and additional
public sequences are identified by
their JGI Gene Object Identifier
and GenBank GI number,
respectively. The Pfam PF00331
(Glyco_hydro_10 – glycosyl
hydrolase family 10) has a length
of 356 residues, comprising
domain sequences with an
average length of 232 amino
acids and 32% sequence identity.
Analysis is based on a masked
alignment of 356 residues
corresponding to positions 192 to




 Fig. S13. Phylogenetic analysis of the glycoside hydrolase family 11 (GH11) diversity encoded by the termite
gut microbiota. GH11 xylanases from the termite gut metagenome are colored in red, three previously discovered
and characterized GH11 xylanases from insect guts (Brennan et al., 2004) are colored in blue, and GH11 xylanases
from various other sources are colored in black. (Meta)genomic and additional public sequences are identified by their
JGI Gene Object Identifier and GenBank GI number, respectively. The Pfam PF00457 (Glyco_hydro_11 – glycosyl
hydrolase family 11) has a length of 194 residues, comprising domain sequences with an average length of 173 amino
acids and 48% sequence identity. Analysis is based on a masked alignment of 194 residues corresponding to the
positions 68 to 254 of the endo-1,4-?-xylanase from Clostridium saccharobutylicum (Genbank accession 139871).
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Fig. S14. Phylogenetic analysis of overrepresented conserved hypo-thetical gene family TOG1
(TIGR02145) encoded by the P3 luminal microbiota. For the analysis the amino acid sequences of the
domain were aligned and a Maximum Likelihood tree was calculated (Phylip PROML, 124 positions
considered). Reference sequences comprised: Fibrobacteres succinogenes, Bacteroidetes fragilis and B.
thetaiotaomicron, Chlorobium tepidum and Pelodictyon luteolum. Names are printed bold and in blue
color for contigs assigned to Fibrobacteres by PhyloPythia and green for Treponema. Color-coded boxes
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Fig. S15. Phylogenetic diversity of iron-only
hydrogenases. In the metagenomic dataset >150
genes coding for hydrogenase catalytic domains
(pfam02906, large subunit, C-terminal domain)
were discovered. Based on the overall protein
sequence similarity, Fe-only hydrogenase proteins
were grouped into 11 families; since many
sequences represented gene fragments rather
than complete genes, proteins within each family
were aligned and a consensus sequence for each
family was generated, which was further used for
analysis of domain composition (Fig S17). The
tree shows that Fe-only hydrogenases in the
termite hindgut metagenome are separated into 2
large groups, with one of them containing
domains typical for hydrogenases catalyzing
hydrogen evolution or uptake, while in the other
group catalytic the domain was fused to various
other conserved domains (MA – methyl-accepting
chemotaxis protein signaling domain, REC –
response regulator receiver domain, PAS and
PAS_4 – PAS/PAC sensor domain). Remarkably,
most of these domains fused with Fe-only
hydrogenase catalytic core in the termite hindgut
metagenome are known to be involved in signal
transduction. Based on domain architecture of Fe-
only hydrogenase proteins we tentatively
assigned the first group as “catalytic”
hydrogenases and the second group as “sensory”
hydrogenases. One of the largest families of
“sensory” hydrogenases in termite hindgut
metagenome was family 1, which represented a
fusion of the catalytic domain with a methyl-
accepting chemotaxis protein signaling domain
and response regulator receiver domain. We
hypothesize that the representatives of this family
function as hydrogen chemoreceptors with
hydrogenase domain serving as hydrogen sensor
rather than a catalyst of hydrogen evolution or
uptake. Search for proteins with similar domain
architecture using CDART (Conserved Domain
Architecture Retrieval Tool) retrieved no hits in
any other organism, indicating that this family is
unique for Treponema species inhabiting termite
hindguts. It has been demonstrated that strains of
Treponema isolated from the hindgut of lower
termites alternatively either produce or utilize
molecular hydrogen. For the phylogenetic analysis
288 alignment positions were considered. Bar,
10% estimated sequence divergence.
Geer L. Y., Domrachev M., Lipman D. J., Bryant
S. H. CDART: protein homology by domain
architecture. Genome Res. 2002. 12:1619-1623.
Graber, J.R., Leadbetter, J.R. & Breznak, J.A.
Description of Treponema azotonutricium sp. nov.
and Treponema primitia sp. nov., the first
spirochetes isolated from termite guts. Appl
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Fig. S16. Domain composition of iron-only hydrogenases. Conserved domains and motifs were
detected in the consensus sequences of each family using InterProScan. The following domains were
discovered: fer2 – pfam00111, 2Fe-2S iron-sulfur cluster binding domain; Fer4 – pfam00037, 4Fe-4S
binding domain; Fe_hyd_lg_C – pfam02906, iron only hydrogenase large subunit, C-terminal domain;
FeS – pfam04060, putative Fe-S cluster; MA – pfam00015, methyl-accepting chemotaxis protein (MCP)
signaling domain; REC – pfam00072, response regulator receiver domain; Fe_hyd_SS – pfam02256,
iron hydrogenase small subunit; PAS – pfam00989, PAS domain; PAS_4 – pfam08448, PAS_4 domain,
part of the PAS domain clan; Trx-like – pfam00085, thioredoxin. Families 9 and 11 were not included in
the phylogenetic analysis due to the very short sequences contained therein In the metagenomic
dataset >150 genes coding for hydrogenase catalytic domains were discovered.
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 Fig. S17. Three-dimensional structure of a family 2 Fe-only hydrogenase representative
obtained by comparative modeling using the periplasmatic Clostridium pasteurianum
enzyme Cpl as template and superimposed on its structure. The C. pasteurianum enzyme is
colored cyan, family 2 protein is silver. The region in the C. pasteurianum protein that was deleted in
family 2 is ice-blue. Iron-sulfur clusters in C. pasteurianum protein are presented as yellow CPK;
cysteines coordinating proximal FS4A cluster are purple CPK in C. pasteurianum and green in family 2
protein. Cysteines coordinating H cluster are purple in C. pasteurianum and blue in family 2 protein,
except for the subcluster-bridging cysteine, which is red in C. pasteurianum protein and pink in family 2
protein. Among the families of “catalytic” hydrogenases family 2 was the most remarkable one.
Representatives of this family are very distant from any other Fe-only hydrogenase proteins and lack the
C-terminal domain found in most Fe-only hydrogenases characterized so far; in addition, alignment of the
catalytic domain showed that some of the cysteine residues coordinating the active-site iron-sulfur cluster
may occupy different positions than in typical enzymes. The shown structure reveals that while the
cysteine residues coordinating the proximal FS4A cluster align very well, cysteines coordinating the
active-site iron-sulfur cluster (including the subcluster-bridging Cys) occupy different positions.
Peters J. W., Lanzilotta W. N., Lemon B. J., Seefeldt L. C. X-ray crystal structure of the Fe-only
hydrogenase (CpI) from Clostridium pasteurianum to 1.8 angstrom resolution. Science. 1998. 282:1853-
1858
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Fig. S18. Predicted hydrogen diffusion channels in C. pasteurianum Fe-only
hydrogenase superimposed on the predicted 3D structure of a family 2 representative.
Hydrogen diffusion channel 1 in C. pasteurianum protein is ochre, residues conserved in family 2
protein are green; hydrogen diffusion channel 2 in C. pasteurianum is dark magenta, residues conserved
in family 2 protein are blue. Residues conserved in family 2 protein and corresponding to the central
chamber in C. pasteurianum protein are red. In conclusion, residues forming predicted hydrogen
diffusion channels in C. pasteurianum enzyme are partially conserved in family 2 proteins.
Cohen J., Kim K., Posewitz M., Ghirardi M. L., Schulten K., Seibert M., King P. Molecular dynamics
and experimental investigation of H(2) and O(2) diffusion in [Fe]-hydrogenase. Biochem. Soc. Trans.
2005. 33:80-82
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Fig. S19. Recovery of genes or partial genes encoding proteins relevant to the Wood-Ljungdahl
pathway of CO2-reductive homoacetogenesis.  Green boxes denote the number of variants for each
function recovered in the metagenome dataset. Note that for all of the functions, formate dehydrogenases
appears to be particularly underrepresented, suggesting that either formate is generated from a precursor
other than carbon dioxide (e.g. such as pyruvate), from within another gut compartment, or by an enzyme that
belongs to a not yet recognizable FDH class of proteins. The blue box encompasses 5 proteins commonly
encountered as being a part of the multi-enzyme acetyl synthase complex. The red boxes denote two classes
of possible ion pumps that hypothetically might be used to drive either energy consuming steps in the pathway
(e.g. CO2 reduction to CO) or energy conserving steps (such as the reduction of Methylene-THF or the methyl
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0.1 changes per position
Yersinia bercovieri ATCC 43970 gi|77958664
Yersinia mollaretii ATCC 43969 gi|77961144 
Yersinia intermedia ATCC 29909  gi|77978827
Yersinia frederiksenii ATCC 33641 gi|77973842
54
Rhodopseudomonas palustris BisB18 gi|90426049
Rhodospirillum rubrum ATCC 11170 gi|8359166457
Erwinia carotovora subsp atroseptica SCRI10431 gi|49610969
51
Yersinia pestis biovar Orientalis str IP275 gi|89103974
Yersinia pestis biovar Microtus str 91001 gi|45440352
99
Yersinia pseudotuberculosis IP 31758 gi|77631397
98
Yersinia frederiksenii ATCC 33641  gi|77973354
Yersinia mollaretii ATCC 43969 gi|7796069282
71
Erwinia carotovora subsp  atroseptica SCRI1043 gi|49610715
83
Escherichia coli K12 gi|16131905 & 6 other strains
Salmonella typhimurium LT2  gi|16422846 & 2 other strains
99
67
Photobacterium profundum 3TCK  gi|90410741
Psychromonas sp  CNPT3  gi|90407572
99
Vibrio angustum S14 gi|90578218
99
67
Clostridium difficile QCD 32g58 NZ_AAML02000062





Methanococcus maripaludis S2 gi|45047261
Methanococcus voltae gi|14211980 
92
Roseobacter denitrificans OCh 114 gi|110681349
Roseovarius sp  217 gi|85703437
Oceanicola granulosus HTCC2516 gi|89067229
Sulfitobacter sp  NAS 14-1 gi|83855177
61
Silicibacter pomeroyi DSS 3 gi|56677473i
77
Chromohalobacter salexigens DSM 3043 gi|91796215
83
Bradyrhizobium japonicum XSDA 110 gi|27377428
Methylobacterium extorquens gi|2265272896
51
Acidovorax sp  JS42 gi|110595735
Rhodoferax ferrireducens T118 gi|89902038
90
Methylococcus capsulatus str  Bath gi|53803292
Ralstonia eutropha JMP134 gi|7212181474
82
88
Sargasso Sea 1 gb|AACY01085766
57
Human Gut 2 gi|106747447
100
Methanocaldococcus jannaschii DSM 2661 gi|15669895
Methanococcus maripaludis S2 gi|4504772772
Vibrio parahaemolyticus RIMD 2210633 gi|28808651
Vibrio sp  Ex25 gi|75855374
100
Vibrio alginolyticus 12G01 gi|91226395
99
Vibrio splendidus 12B01 gi|84388509
Vibrio vulnificus YJ016 gi|3767586092
95
Photobacterium profundum 3TCK gi|90415121
Photobacterium profundum SS9 gi|46915864
97
87
Sargasso Sea 5 gb|AACY01051749
Shewanella sp  MR 7 gi|7868878767
Sargasso Sea 3 gi|44471509
Shewanella sp  PV 4 gi|78367417 
63
Shewanella frigidimarina NCIMB 400 gi|69949116
92
71
Rhodopseudomonas palustris CGA009 gi|39933811
Rhodopseudomonas palustris BisB5 gi|91975103
80
Rhodopseudomonas palustris HaA2 gi|86747850
99
Rhodopseudomonas palustris BisA53 gi|77740102





Xanthobacter autotrophicus Py2 gi|89359739
92
Rhodobacterales bacterium HTCC2654 gi|84686203
91
Marinomonas sp  MED121 gi|87120635
marine gamma proteobacterium HTCC2207 gi|90416712
67
Colwellia psychrerythraea 34H gi|7114473296
Burkholderia sp  383 gi_22652728
“Sargasso Sea” 2 gb|AACY01015269
100
Burkholderia vietnamiensis G4 gi|67546817
78
Pseudomonas fluorescens Pf 5 gi|68348133
Pseudomonas putida F1 gi|82737790
90
Methylobacillus flagellatus KT gi|91775073
Bordetella bronchiseptica RB50 gi|33567906




Bacillus licheniformis ATCC 14580 gi|52003801
Bacillus subtilis subsp  subtilis str  168 gi|2633570
98
Bacillus sp  NRRL B 14911 gi|89098845
94
Bacillus clausii KSM K16 gi|56908912
91
Deinococcus geothermalis DSM 11300 gi|94554264
Staphylococcus aureus RF122 gi|8275190286
92
Bacillus cereus ATCC 14579 gi|29897229
Bacillus thuringiensis serovar konkukian str  97-27 gi|49333302
100
Geobacillus kaustophilus HTA426 gi|56378836
100
98
 Ferroplasma acidarmanus Fer1 gi|68139733
97




Methanosarcina barkeri str  fusaro gi|72396235
57
Sargasso Sea 4 gb|AACY01000779
  99
Human Gut 1 gb|AAQL01000228.1









Carboxydothermus hydrogenoformans Z 2901 gi|77996762
Desulfotalea psychrophila LSv54 gi|50875370 
Pelobacter propionicus DSM 2379  gi|71836213
Syntrophobacter fumaroxidans MPOB gi|71546007
Moorella thermoacetica gi|14717798
Enterococcus faecalis V583 gi|29343419
   96
Methanoculleus marisnigri JR1 gi|110604881
99
Methanospirillum hungatei JF 1 gi|88603271
Methanospirillum hungatei JF 1 gi|88603273
Fig. S20. Phylogeny of the only two putative formate dehydrogenases recovered during
Nasutitermes P3 Metagenomic analysis. Tree-Puzzle Maximum likelihood analysis was based
on 568 unambiguously aligned amino acid positions. One formate dehydrogenase affiliates with
bona fide FdhF (FDH H) type homologs from E. coli and other enteric Gammaproteobacteria,
whereas the other affiliates with less well studied variants.
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Fig. S21. Metagenomic formyl-tetrahydrofolate synthetases, markers of CO2-reductive homoacetogenic
metabolism, affiliate with known homoacetogenic Spirochetaetes, not Firmicutes. A) Protein Maximum
Likelihood phylogram of homoacetogen-like FTHFS homologs. Analysis based on 235 unambigouosly aligned
amino acid positions. Short FTHFS fragments identified in Nasutitermes metagenomic libraries were not
included in the phylogenetic analysis. Shaded box highlights FTHFS clade of homologs cloned from isolated
termite gut homoacetogenic spirochetes and from the gut contents of species corresponding to four of the 6
major termite families. B) Variable region of FTHFS. Box highlights a short peptide region of the FTHFS protein
that is unique to termite gut associated homoacetogenic spirochetes (e.g. isolated T. primitia strains ZAS-1 and
ZAS-2) and gut derived PCR and metagenomic clones from Nasutitermes and termites representing an
additional three termite families. A non-acetogenic gut spirochete (e.g. isolated T. azotonutricium strain ZAS-9)
and “classical” firmicutes homoacetogens do not contain this character. This peptide stretch was not included in
the phylogenetic analysis, thus stands in independent support of it.  Note that not all of the metagenomic clones
shown in B) were used in the phylogenetic analysis for A) as the gene fragments were too short to analyze fully.
0.1
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Salmassi, T. M., and J. R. Leadbetter. 2003. Analysis of genes of tetrahydrofolate-dependent metabolism from cultivated spirochaetes and
the gut community of the termite Zootermopsis angusticollis. Microbiology 149:2529-2537.
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Chlorobium phaeobacteroides DSM 266, 67935114
Geobacter metallireducens GS-15, 78194364
Campylobacter concisus 13826, 109672145
Campylobacter curvus 525.92, 109673545
Methanocaldococcus jannaschii DSM 2661 , 2826314
Methanopyrus kandleri AV19, 19886936
Methanopyrus kandleri AV19, 9247062
Pelobacter carbinolicus DSM 2380, 77918498
Clostridium acetobutylicum ATCC 824, 15022942
Clostridium beijerincki NCIMB 8052, 82748981
Caldicellulosiruptor saccharolyticus DSM 8903, 82501374
Clostridium difficile QCD-32g5, 90576262
Clostridium tetani E88, 28210849
Carboxydothermus hydrogenoformans Z2901, 77995321
Desulfitobacterium hafniense Y51, 89896919
Clostridium acetobutylicum ATCC 824, 15025519
Clostridium beijerincki NCIMB 8052 , 82746157
Archaeoglobus fulgidus DSM 430, 11499434
Methanosaeta thermophila PT, 88950484
Methanosarcina mazei Go1, 21228403i
Methanosarcina acetivorans C2A, 19915158













































Fig. S22. Phylogeny of Carbon Monoxide Dehydrogenase Catalytic Subunits (CooS)
recovered during Nasutitermes P3 Metagenomic analysis. The enzymatic activity catalyzed
by CooS homologs can be used in either the oxidative or reducitive direction, and in either
anabolism or energy metabolism, depending on the Bacteria or Archaea in question, or their
mode of growth. In CO2-reducing homoacetogens, the enzyme operates in the reductive
direction (see Fig. S20). Maximum likelihood analysis was based on 245 unambigouosly
aligned amino acid positions. Full length or near full length CooS are highlighted in blue and fell
within two clusters, colored boxes A and B. Partial CooS fragments from the metagenomic
dataset (not included in this phylogram) affiliated with either cluster A (1 sequence), B (9
sequences) or grouped within colored box C (4 sequences). One short CooS fragment affiliated
with the two CooS homologs present in Campylobacter genomes (not shown). Values are given
for a 1000 bootstrap analysis of the dataset.  Bar represents evolutionary distance given as 0.1
changes per amino acid position.
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COG0840 Methyl-accepting chemotaxis protein (MCP)
COG2201 CheB, chemotaxis response regulator w/ CheY-like receiver and methylesterase domain
COG1871 CheD, chemotaxis protein; stimulates methylation of MCP proteins
COG1352 CheR, methylase of chemotaxis methyl-accepting proteins
COG0643 CheA, chemotaxis protein histidine kinase and related kinases
COG0835 CheW, chemotaxis coupling protein
COG0784 CheY-like receiver, response regulator
COG3143 CheZ, chemotaxis protein
COG1776 CheC, inhibitor of MCP methylation
COG0642 ST histidine kinase
COG0745 Response regulators w/ a CheY-like receiver domain and a winged-helix DNA-bd
COG3850 Signal transduction (ST) histidine kinase, nitrate/nitrite-specific
COG3851 ST histidine kinase, glucose-6-phosphate specific
COG4585 ST histidine kinase
COG2197 Response regulator w/ CheY-like receiver domain and an HTH DNA-bd
COG3852 ST histidine kinase, nitrogen metabolism specific
COG0642 ST histidine kinase
COG2204 Response regulator containing CheY-like receiver, AAA-type ATPase, and DNA-bd
COG3290 ST histidine kinase regulating citrate/malate metabolism
COG4565 Response regulator of citrate/malate metabolism
COG2972 Predicted ST protein with a C-terminal ATPase domain
COG3275 Putative regulator of cell autolysis
COG3279 Response regulator of the LytR/AlgR family
COG2205 Osmosensitive K+ channel histidine kinase
COG3920 ST histidine kinase
COG4191 ST histidine kinase regulating C4-dicarboxylate transport system
COG4192 ST histidine kinase regulating phosphoglycerate transport system
COG4251 Bacteriophytochrome (light-regulated ST histidine kinase)
COG4564 ST histidine kinase
COG5000 ST histidine kinase involved in nitrogen fixation and metabolism 
COG5002 ST histidine kinase
COG0478 RIO-like serine/threonine protein kinase fused to N-terminal HTH domain
COG0515 Serine/threonine protein kinase
COG0317 Guanosine polyphosphate pyrophosphohydrolases/synthetases
COG0394 Protein-tyrosine-phosphatase
COG0467 RecA-superfamily ATPases implicated in ST
COG0631 Serine/threonine protein phosphatase
COG1762 Phosphotransferase system mannitol/fructose-specific IIA domain (Ntr-type)
COG2062 Phosphohistidine phosphatase SixA
COG2114 Adenylate cyclase, family 3 (some proteins contain HAMP domain)
COG2365 Protein tyrosine/serine phosphatase
COG2453 Predicted protein-tyrosine phosphatase
COG1551 Carbon storage regulator (could also regulate swarming and quorum sensing)
COG1639 Predicted ST protein
COG1702 Phosphate starvation-inducible protein PhoH, predicted ATPase
COG1956 GAF domain-containing protein
COG1974 SOS-response transcriptional repressors (RecA-mediated autopeptidases)
COG2172 Anti-sigma regulatory factor (Ser/Thr protein kinase)
COG1716 FHA domain
COG2198 HPt domain (Histidine containing phosphotransfer domain, in phosphorelay proteins) 
COG2199 GGDEF domain
COG2200 EAL domain
COG2203 GAF domain (cGMP, cAMP binding)
COG2206 HD-GYP domain
COG2770 HAMP domain
COG2905 Predicted ST protein containing cAMP-binding and CBS domains
COG3434 Predicted ST protein containing EAL and modified HD-GYP domains
COG3437 Response regulator w/ CheY-like receiver domain and an HD-GYP domain
COG3456 Uncharacterized conserved protein, contains FHA domain
COG3480 Predicted secreted protein w/ PDZ domain
COG3604 Transcriptional regulator containing GAF, AAA-type ATPase, and DNA bd
COG3605 ST protein containing GAF and PtsI domains
COG3629 DNA-binding transcriptional activator of the SARP family
COG3706 Response regulator w/ CheY-like receiver domain and a GGDEF domain
COG3707 Response regulator with putative antiterminator output domain
COG3830 ACT domain-containing protein
COG3887 Predicted signaling protein w/ a modified GGDEF and a DHH domain
COG3947 Response regulator containing CheY-like receiver and SARP domains
COG4566 Response regulator
COG4567 Response regulator w/ CheY-like receiver and Fis-type HTH domains
COG4725 Transcriptional activator, adenine-specific DNA methyltransferase
COG4753 Response regulator w/ CheY-like receiver and AraC-type DNA-bd
COG4978 Transcriptional regulator, effector-bd/component
COG1966 Carbon starvation protein, predicted membrane protein
COG2202 PAS/PAC domain
COG3292 Predicted periplasmic ligand-binding sensor domain
COG3300 MHYT domain (predicted integral membrane sensor domain)
COG3322 Predicted periplasmic ligand-binding sensor domain
COG3447 Predicted integral membrane sensor domain
COG3448 CBS-domain-containing membrane protein
COG3452 Predicted periplasmic ligand-binding sensor domain
COG3614 Predicted periplasmic ligand-binding sensor domain
COG4219 Antirepressor for drug resistance, predicted ST N-terminal membrane component
COG4250 Predicted sensor protein/domain
COG4252 Predicted transmembrane sensor domain
COG4936 Predicted sensor domain
COG4943 Predicted ST protein containing sensor and EAL domains
COG5001 Predicted ST protein w/ membrane domain, EAL and GGDEF domains














































































































































Fig. S23. Abundance distribution of “Signal Transduction Mechanism COG” genes and functional domains
among metagenomic datasets and representative single bacterial genomes. To account for the differences in
size between the different datasets and genomes, the frequencies were normalized according to a Z-score method
in IMG/M. The resulting normalized abundance frequencies were represented as gray scale intensities using
Genesis software. Blue rectangles indicate COG categories having a high abundance within the termite gut
metagenomic dataset, red rectangles indicate the highest abundance among the analyzed metabiomes and
individual genomes.
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